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.iJ.' '^'0 CL^tozn 

APPAIUTUS INCLUDING A VVELLBOREANDWELLBORE CASING 



Backin-ound of f^i» in^^n^^ 

This invention relates generally to apparatus Including a wellbore and 
casings, and in particular to wellbore casings that are formed using expandable 
tubing. 

Conventionally, when a ivellbore is created, a number of casings are 
installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fluid from the 
fonnation into the borehole. Hie borehole is driOed in inten^als whereby a 
casing which is to be installed in a lower borehole interval is lowered through a 
previously installed casing of an upper borehole interval. As a consequence of 
this procedure the casing of the lower interval is of smaller diameter than the 
casing of the upper Interval. Thus, the casings are in a nested arrangement with 
casing diameters decreasing in downward directioa Cement annuU are 
provided between the outer surfaces of the casings and the borehole waD to 
seal the casings from the borehole wall. As a consequence of this nested 
arrangement a relatively large borehole diameter Is required at the upper part 
of the wellbore. Such a large borehole diameter invokes increased costs due 
to heavy casing handling equipment, large drill bits and increased volumes of 
drilling fluid and driD cuttings. Moreover, increased drilling rig time is involved 
due to required cement pumping, cement hardening, required equipment 
changes due to large variations in hole diameters drilled in tfie couree of the 
wen, and the large volume of cuttings driUed and removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing 



procedures for forming new sections of casing in a 
wellbore. 

Summary of the Invention 

According to one aspect of the present invention, 
there is provided an apparatus comprising; a wellbore; 
a first wellbore casing coupled to the wellbore; a 
second wellbore casing coupled to the wellbore and 
overlapping with the first wellbore casing; and a tie- 
back liner coupled to the first and second wellbore 
casings and overlapping with the first and second 
wellbore casings; wherein the tie-back liner is coupled 
to the first and second wellbore casings by the process 
of: extruding at least a portion of the tie-back liner 
of f of a mandrel . 

According to another aspect of the present 
invention, there is provided an apparatus comprising: a 
wellbore; a first wellbore casing coupled to the 
wellbore; a second wellbore casing coupled to the 
wellbore and overlapping with the first wellbore 
casing; and a tie-back liner coupled to the first and 
second wellbore casings and overlapping with the first 
and second wellbore casings; wherein the tie-back liner 
is coupled to the first and second wellbore casings by 
the process of: radially expanding at least a portion 
of the tie-back liner within the wellbore. 

Brief Description of the Drawinff e 

Fig. 1 is a fragmentary cross -sectional view 
illustrating the drilling of a new section of a well 
borehole. 

Fig. 2 is a fragmentary cross-sectional view 
illustrating the placement of an embodiment of an 
apparatus for creating a casing within the new section 
of the well borehole. 



FIG. 3 is a fragmentaiy cross-sectional view illustrating the Injection of a 
first quantity of a hardenable fluidlc sealing material into the new section of the 
well borehole. 

FIG. 3a is another ftagmenlaiy cross-sectional view fllustiatlng the 
liq'ection of a first quantity of a hardenable fluidic sealing material Into the new 
section of the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of 
the well borehole. 

FIG. 5 is a fragmentaiy cross-sectional view Illustrating the drilling out of 
a portion of the cured hardenable fluidic seaUng material from the new section 
of the weU borehole. 

FIG. 6 Is a cross-sectional view of an embodiment of the overlapping 
Joint between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of the apparatus for creating 
a casing wittiin a wen borehole. 

Fia 8 is a fragmentary cross-sectional ilhistration of the placement of an 
expanded tubular member witiiin anotiier tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 

nc. 9a is anotiier cross-sectional IHustration of tiie apparatus of FIG. 9. 

FIG. 9b is anotiier cross-sectional illustration of tfie apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 



FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandable tubular member. 
5 FIG. 10c is a cross-sectional illustration of the pumping of a fluidic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. 1 Od is a cross-sectional illustration of the pressurizing of the interior of 
the tubular member below the mandrel 
10 FIG. lOe is a cross-secUonal illustration of the extmsion of the tubular 

member off of the mandrel. 

FIG. 1 0f is a cross-sectional Illustration of the tie-back liner before drilling 
out the shoe and packer. 

FIG. lOg is a cross-sectlonai illustration of the completed tie-back liner 
1 5 created using an expandible tubular member. 

FIG. 1 la is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. 11 b is a fragmentary cross-sectional view illustrating the placement of 
an embodiment of an apparatus for hanging a tubular liner within the new section 
20 of the well borehole. 

FIG. 1 Ic is a fragmentary cross-sectional view iUustrating the injection of a 
first quantity of a hardenable fluidic seaBng material into Uie new section of ttie 
well borehole. 

FIG. 1 Id is a fragmentaiy cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of ttie well borehole. 

FIG. 1 le is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into tiie new section of ttie 
well borehole. 

FIG. 1 1 f is a fragmentary cross-sectional view iUustrating ttie completion of 
30 the tubular Uner. 
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DetaUed Description of the lUustrative Embodiments 
An apparatus and metliod for fomiii^ a wellbore casing within a 
subtenranean fomiaiion is provided. The apparatus and method pennits a 
weUbore casing to be formed in a subten-anean fomiaUon by placing a tubular 
5 member and a mandrel In a new secUon of a weHbore. and then extruding the 

tubularmemberoff ofthe mandrel by pressurizing an interiorportionof the tubular 
member. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and or 
gas passage. The apparatus and method further permits a new tubular member 
10 to be supported by an exisUng tubular member by expanding the new tubular 
member Into engagement with the existing tubular member. The apparatus and 
method further minimizes the reduction in the hole size of the wellbore casing 
necessitated by the addition of new sections of weUbore casing. 

An apparatus and method for fonning a tie-baclc liner using an expandable 
15 tubular member is also provided. TTie apparatus and meUiod permits a tie-back 
liner to be created by extmding a tubular member off of a mandrel by pressurizing 
and interior portion of the hjbular member, in tills manner, a tie-back liner is 
produced. The apparatus and metiiod furtfier permits adjacent hibular members 
in ttie wellbore to be joined using an overlapping joint tiiat prevents fluid and/or 
20 gas passage. The apparatus and meUiod fiirtiier permits a new tubular member 
to be supported by an existing tubular member by expanding tfie new tubular 
member into engagement witti tiie existing tubular member. 

An apparatus and metfiod for expanding a tubular member Is also provided 
tfiat includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment. tt»e interior portions of ttie apparatus is composed of materials that 
permit tfie interior portions to be removed using a conventional drilling apparatus. 
In tiiis manner, in tiie event of a malfunction in a downhole region, tire apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. "Oie apparatus and method permit a hibuIar liner to be 
attached to an existing section of casing. The apparatus and mettiod furtherhave 
application to ttie joining of tubular members in general. 
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^ ReferringinitialJytoPigB. an emboikentofanapparatiis^d method 

for forming a weUbore casing within a subterranean formation will now be 
described. As illustrated in Fig. 1. a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 106, 

a drill string 125 is used in a well known manner to driU out material from the 
subterranean formation 105 to form a new section 130. 

As iUustrated in Pig. 2, an apparatus 200 for forming a wellbore casing in 
10 asubterraneanformationisthenpositionedinthenewsection 130of the wellbore 
100. The apparatus200preferablyincludesan expandable mandrel orpig 206. a 
tubular member 210. a shoe 215. a lower cup seal 220. an upper cup seal 226.' a 
fluid passage 230. a fluid passage 236, a fluid passage 240. seals 246. and a support 
member 250. 

16 The expandable mandrel 206 is coupled to and supported by the support 

member 250. The expandable mandrel 206 is preferably edited to oontroUably 
expand in a radial direction. The «q«ndable mandrel 206 may comprise any 
number of conventional commercially available «5,andable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodiment.theexpandablemandrel206comprisesahydraulicexpansiontoolas 
disclosed in U.S. Patent No. 5.348.096, the oontente of which are incoiporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

Thetubularmember210issupportedbytheexpandablemandrel205 The 
26 tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 206. The tubular member 210 may be febricated from any 
nmnber of conventional commercially available materials such as. for example 
Oilfield Country Tubular Goods (OCTG). 13 chromium steel tabing^casing, ol 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 

30 febricatedfromOCTGinordertomaximizeBlxengthafterexpansion. Theimxer 
and outer diameters of Ihe tubular member 210 may range, for example, from 
approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.567 to 121.92 cms 
(1 .05 to 48 inches), respectively. In a preleired 
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embodiment, the inner and outer diameters of the tubular member 210 range ftom 
about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.S to 16 inches), 
respectively in order to optimally provide minimal telescoping effect in the most 
commonly drilled wellbore sizes. TDe tubular member 210 piefeiably comprises a 
solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 210 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 2 10. In a preferred embodiment, 
the length of the tubular member 2 1 0 is limited to minimize the possibility of buckling. 
For ^ical tubular member 210 materials, the length of the tubular member 210 is 
preferably limited to between about 1 2. 192 to 6,096m (40 to 20.000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 Includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as. 
for example, Super Seal II float shoe. Super Seal 11 Down-Jet float shoe or a 
guide shoe with a seafing sleeve for a latch down plug modified In accordance 
with the teachings of the present disclosure. In a prefened embodiment, the 
shoe 2 1 5 comprises an aluminum down-jet guide shoe with a sealing sleeve for 
a latch-down plug available from Halliburton Energy Services in Dallas, TX, 
modified in accordance with the teachings of the present disclosure, in order to 
optimally guide the tubular member 210 in the wellbore, optimally provide an 
adequate seal between the interior and exterior diameters of the overiapping 
joint between the tubular members, and to optimally allow the complete driM 
out of the shoe and plug after the completion of tiie cementing and expansion 
operations. 

In a preferred embodiment, tfie shoe 215 Includes one or more through 
and side outiet ports in fluidic communication witfi tiie fluid passage 240. In 
this manner, tiie shoe 215 optimally injects hardenable fluidic sealing material 
into tiie region outside tiie shoe 215 and tubular member 210. In a preferred 
embodiment, ttie shoe 2 1 5 includes ttie fluid passage 240 havir« an inlet 
geometry ttiat can receh^ a dart and/or a ball sealing member, m tills manner, 
ttie fluid passage 240 can be optimally sealed off by introducing a phig. dart 
and/or ball sealing elements into tfie fluid passage 230. 

"7 
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The lower cup seal 220 is coupled to antfiupported by the kp^n member 
260. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 

(Smcupsmodifiedinaccordancewiththeteachingsofthepresentdisctosure. In 

apreferred embodiment, thelower cup seal 220compri8esaSIPcupseal.avaaable 

fromHalliburtonEnergy Servicesin Dallas, TXin order to optimaUyblockfore^ 
material and contain a bo4y of lubricant. 

The upper cup seal 225 is coupled to and supported by the support member 

250. TheuppercupseaI225prevent8foreignmateriaIsfromenteringtheinterior 
region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commerdany available cup seals such as. for example, TP 
cups or SIP cups modified m accordance with the teachings of the prewnt 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup. availablefromHaIliburtonEnergyServicesinDallas.TXinorderto optima 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 

from theinteri«rregionofthetubularmember210belowthe«q»ndable mandrel 
20 205. The fluid passage 230 is coupled to and portioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position a^acent to the sui&ce to the bottom of the expandable 

mandrel205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

25 

The fluid passage 230 is preferably selected, in the casing running niode of opention. to 
transport materials such as drilling mud or formation fluids at flow rates and pressures ranging 
from about 0 to 11356.2355 litres/ininute (0 to 3.000 galloms/minute) and 0 to 620.52813 bar (0 
to 9,000 psi) in order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the wellbore which could cause a loss of wdlbore fluids and lead to hole 
jQ coBapse. 

Thefluidpaasage 236 permits fluidic materials to be released from thefluid 
passage 230. In this manner, during placement of the apparatus 200 within the 



»ew»c*i.n 130 of the «mK,re m. Bum:\>^2^'(J^ V^e nuii 

235 „ coupted to and positioned within the support ce-nber 260. 1^1 
6 P^«ftrtherfluidiclyco«pledtothefluidp«age230 

'»«'hndpass.^236pr^er.blyindadesacoat™iv.,,eforc„ntroll.l,^ 

open«.endd.sin.thefluidp^286.Inapreferreden*odin.en,th.«„J 
v.l^»P««„,activ.t«dia.rder.o.«.trolU^„,^.^ ^ 

"-'»«*»^35i,pre^^p«.^,^^,^J^^ 
10 of the apparatus 200. v^ut^rune 

THe fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging fiom about 0 to 11356.2355 Utres/minute (0 to 3 000 
gallons/hunute) and 0 to 620.52813 bar (0 to 9.000 psi) in order to i^iuce the drag on the 
apparatus 200 during insertion into the new section 130 of the weUbore 100 and to 
15 nnninuze surge pressures on the new wellbore section 130. 

- pa»age 240 ^ coupled to and poaiti««i within the ahoe 216 in fluidic 
^tI«.tpenn.taaphg.orother-„^da,iC.oh.pl.c«iinfl„idp.a3.«240 

25 theZT ^°'^"'°'^'*^'»»*"«011^1>ennits 

to Be presaumed. The fluid passage 240 la i.r.&>.Kt. . 

it ^^^^"P'^raoly positioned substantiallw 

"long the centerlineofthe apparatus 200. «i»tanb«Uy 

n. fluid pas««e 240 is prefe^bly selected to conve, material, such as 
U 56.2355 UTc^u^ (o „ 3.OOO galIons«n«.) and 0 ,0 «0.52« 13 bar (0 to 9 OCO 
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^ includes an inlet geometry that can receive a'dak and/ir a'ball '^al^g member 
In this maimer, the fluid passage 240 caA be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. Tlie seals 246 are further positioned on an outer surfece 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 116 and the portion 
260ofthetubularmember210tobefluidiclysealed. The seals 245 may comprise 
any number of conventional commercially available seals such as. for example 
10 lead, nAber. Teflon™, or cpoxy seals modified in accordance with the teachings of ' 
thepresentdisdosuxe. In a preferred embodiment, the seals 245 are molded from 
StratalodcqwsyavailablefromHalliburtonEnei®. Services inDallas,TXinon^^^ 
to optimaUy provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the easting casing 115. 
15 In a preferred embodiment, the seals 245 are selected to optimally provide 

a sufficient fractional force to support the «g«nded tubular member 210 from the 
casting casing 116. In a preferred embodiment, the friddonal force optimalhr 
pmvxded by the seals 245 ranges ftom about 68.94757 to 684>47.57 bar (1 000 to 
1.000.000 Ib£) in order to optimally st^ort the expanded tabular member 210. 

20 Thesupportmember250iscoupledtotheexpandablemand«1205,tubular 
member 210, shoe 215. and seals 220 and 226. The support member 250 
preferably comprises an amiular member having sufficient strength to cany the 
apparatus 200 into tte new section 130 of the weUbore 100. In a preferred 

«^odiment,the8upportmember250fizrtherincludesoneormoreconventional 
25 centralizers (not illustrated) to help stabilize the apparatus 200. 

In apreferred embodiment, a quantity of lubricant 275 is provided in the 
annukr region above the expandable mandrel 205 within the interior of the 
tubularmember210. In this manner, the extrusion ofthe tubular member 210 off 
ofthee^andablemandrel205i8fkcilitated. The lubricant 276 m^ comprise any 
30 number o^conventional commercialftr available lubricants such as, for example. 
Lubriplate™. chlorine based lubricants, oil based lubiicahts or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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^ Antisieze (3100) available from Climax Lubri(irits and Equipment Co. ii Houston, 
TX in order to optimally provide optimum lubrication to faciliate the expansion 
^ process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remainingportionsofthe apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
minimizes theposfiibility of foreign material clogging the various flowpassages and 
valves of the apparatus 200. 

In a preferred embodunent, before or after positioning the apparatus 200 
10 within the new section 130 of the weUbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process. 

15 AsiUustratedinFig.3,the£luidpaa8age235isthenclosedandahardenabIe 
fluidic sealing material 306 is then pumped from a surface location into the fluid 
passage 230. The material 306 then passes from the fluid passage 230 into the 

^ interiorr^on310of the tubular member 210 below the expandable mandrel205. 
The material 306 then passes from the interior region 310 into the fluid passage 

20 240. The material 306 then exits the apparatus 200 and fills the annular region 
316 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 306 to fill up at least a portion of the annular region 316. 
The material 305 is preferably pumped into the annular region 3 1 5 at pressures 

26 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5,678.1 177 litres/minute (0 to 1,500 ga^lons^lin), respectively The optimum flow 
rate and opaating pressures vary as a function of tiie casing and wellbore sizes, wellbore 
section length, available pumping equipment, and fluid properties of the fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably detennined 
using conventicmal empirical m^ods. 

30 

The hardenable fluidic sealing material 305 may conq)rise any number of 
conventional commercially available hardenable fluidic sealing mat«ials such as, 
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r for example, slag n,h, cemem or epoxy. In a p«fe„ed embodlmem 0,e 

hardenable nuldic sealing malertal 305 comprises a blended cemem prepared 
specifically for U« particular weU sectfon being ddlled ftom Halliburton Energy 

S«*«'nDallas,TOi„orier,op»videoptimalsuppor,for,ubularmember2IO 
while also maintaining opUmum flow characterisUcs so as .o minimize difflcuMes 

during tt«displaceme„.ofcementinfteannular,egi„„315.-n,eopdmumble™i 
of the blended cemen. is preferably deiemUned using convenUonal empirical 
methods. 

TjKannularreg,on315p,efemblyis«liedwitt,ftema(erial305insuflicient 
10 1"^'ities.oensu,ema.,uponradialexpanslonoftt«h,bularmember2I0 Ihe 
annular region 315 of .he new secUon 130oftt,ewellbo,e 100 will be filled wio, 
material 305. 

to a parttcularly preferred embodiment, as Mustrated in Fig. 3a the wall 
ihtckness and/or the outer diameter of Ihe tubular member 210 is reduced in the 
region adjacent to the mandrel 205 in order opUmally pern,!, placemen, of the 

apparah« 200 in positions in the wellbore Witt, Ugh. Clearances. Furthermore In 
Ws manner, the iniaatlon of the radial expansion of tt» tubular member 210 
dunng the extnislon process is optimally fadiiteted. 

on " '^'O" Adequately 

20 filled With material 305, a plug 405, or other similar device, b inttoduced into the 

fluid passage240.he,ebylluidlclylsolaung the interiorregfonSiOfromttreanmrlar 
region 31 5. in a preferred embodiment, a nonJardenable fluidic material 306 is 

Ihen pumped into "heinteriorregionSIOcausing theinteriorregion topressurize 

'""*"«nner,thein.eriorof.heexpandedtubuiarmember210winno.contain 
25 s,gnilican.amountsofcu,edmateriaI305. This reduces and simplifies the cost of 
Ihe entire process. Altemathely, .he material 305 may be used during this phase 
of the process. 

Once the Interior region 310 becomes sufficiently pressurized, the tubular 
n,ember210fsextrudedoffoftheexpandablemandrel205. During the extnislon 
30 process, the expandable mandrel 205 may be raised out of the expanded portion 
of the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 Is raised at approximately the same rate as the tubular 



12 



^ member 210 is expanded in order to keep td't^hvdar meiberiio'kationaiy 
relative to the new weUbore section 130. In an alternative preferred embodiment. 

theertrusionprocessiscommencedwiththetubularmember210positionedabove' 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationaiy, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 406 is preferably placed into the fluid passage 240 by introducing 
the plug 406 into the fluid passage 230 at a sui&ce location m a conventional 
manner. The plug 405 preferably acts to fluidicbr isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 406 may comprise any number of conventional commercially 

availabledevicesfrompluggingafluidpas8agesuchas,forexample,Multiple Stage 
Cementer (MSG) latch-down plug. Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 
16 a preferred embodiment, the plug 405 comprises a MSG latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
- fluidic material 306 is preferably pumped into the interior region 310 atpressuzes 
and flow rates ranging, for cxawplt, torn approximately 27.579028 to 689 4757 bar (400 

20 ^<^10.000psi)andll3.5623tol5141.6473Utres/nnnute(30to4,000gaUons/min) In 
this manner, the amount of hardenable fluidic sealing material within the interior 310 of 
the tubular member 210 is minimized. In apreferred embodiment, after placement of the 
plug 405 m the fluid passage 240. the non hardenable material 306 is preferably pumped 
into the mtmor region 3 1 0 at pressures and flow rates ranging fiom approximately 
34.473 to620.52813bar(500to 9,000psi)and 151.4164to 11356.2355 litres/minute (40 
to 3.000 gaUons/inin) in order to maximize the cxtmsion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210. the t^ype of lubricant, and the yield strength 
jf the tubular member 210. In general, the thicker the wall thickness, the smaller 
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^ the inner diameter, and the greater the yield strength of the tubular member 210, 
then the greater the operating pressures required to extrude the tubular member 
210 off of the mandrel 205. 

For tropical tubular members 210, the extrusion of the tubular member 210 
5 off of the expandable mandrel will begin when the pressure of the interior region 
310 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9,000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the Branded portion of the tubular member 210 at rates ranging, for 
example, fromaboutO to 5 £fc/sec. Inapreferred embodiment, during the extrusion 
10 process, the expandable mandrel 205 is raised out of the expanded portion of the 
tubular member 210 at rates ranging ftom about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
minimize the time required for the expansion process while also permitting easy control 
of the expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 
15 ejq>andable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior suxfiace 410 of the end 
portion 270 of the casing 115 to form an fluid tight overlapping joint. The contact 
pressure of flic overlappiiig joint may range, for example, from i^)proximate!y 3.447379 to 
1,278.9514 bar (50 to 20,000 psi). bi a preferred embodiment, the contact pressure of the 
20 overlapping joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10,000 psi) in 
order to provide optimum pressure to activate the annular sealing members 245 and optimally 
provide resistance to axial motion to accommodate typical tensile and compressive loads. 

Theoverl^ingjoint between the section 410 of the existing casing 115 and 
the section 265 of the expanded tubular member 210 preferably provides a gaseous 
15 and fluidic seai In a particularly preferred embodiment, the sealing members 245 
optimaHy provide a fluidic and gaseous seal in the overlapping joint. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 306 is controllably ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
0 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 210 off of the expandable mandrel 205 can be minimWi»A jn a 



^ preferred embodiment, the operatingpressure is reduced in a substantiaUy linear 
fashion from 100% to about 10% during tke end of the extrusion process beginning 
when the mandrel 205 is within about 1 .524 m ( 5 feet) from completion of the extnision 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the e3q}andable mandrel 205 is 
removed from the wellbore 100. In a prefenred embodiment, either before or after 
the removal of the expandable mandrel 206, the integrity of the fluidic seal of the 
16 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 3 05 within the e3q}anded tubular member 
20 210 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expajoded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 506 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubidar member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annular lay» 515 of cured material 305. The bottom portion of the cqpparatus 200 
comprising the shoe 215 and dart 406 may then be removed by drilling out the 
_ shoe 215 and dart 405 using conventional drilling methods. 

15 
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In a preferred embodiment, as iDu^trited in^^! the* JppJr portion 260 of 
the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 61 0. In this manner, the overlapping joint between the 
lower portion 270 of the casing 11 5 and the upper portion 260 of the tubular 
member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalized during the extmsion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 6 1 5 fonned in the outer surface 265 of the upper portion 260 of the 
tubular member210. In an alternative preferred embodiment, the sealing 
members 605 are bonded or molded onto the outer surface 265 of the upper 
portion 260 of the tubular member 210. TTie pressure reUef holes 610 are 
preferably posiUoned in the last few feet of the tubular member 210. The 
pressure relief holes reduce the operating pressures required to expand the 
upper portion 260 of the tubular member 210. This reducUon in required 
operating pressure in turn reduces the velocity of the mandrel 205 upon the 
completion of the extmsion process. This reducUon in velocity in tum minimizes 
the mechanical shock to the entire apparatus 200 upon the completion of the 
extmsion process. 

Refemng now to Fig. 7, apparatus 700 for fonning a casing within a 
wellbore preferably includes an expandable mandrel or pig 705, an expandable 
mandrel or pig container 710, a tubular member 71 5, a float shoe 720, a lower 
cup seal 725, an upper cup seal 730, a fluid passage 735, a fluid passage 740. a 
support member 745, a body of lubricant 750. an overshot connection 755. 
another support member 760, and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with ttie teachings of the present disclosure, 
ttie expandable mandrel 705 preferably comprises a hydraulic expansion tool 
substantiaUy as disclosed in U.S. PaL No. 5,348,095, the contents of 
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which are incoiporated herein tiy rkerence. modified irt accordance with the 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example. Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. The expandable mandrel container 710 may be preferably 
fabricated from material having a greater strength than the material from which 
the tubularmember 715 is fabricated. In this manner, the container 710 can be 
fabricated from a tubular material having a thinner waU thickness than the 
tubular member 210. This permits the container 710 to pass through tight 
clearances thereby facilitating its placement within the wellbore. 

Once the expansion process begins, and the thicker, lower strength 
material of the tubular member 715 is expanded, the outside diameter of the 
tubular member 715 is greater than the outside diameter of the container 710. 

The hibular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
direction and extmded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 maybe 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automoth^e grade steel or plastics. The hibular member 
715 maybe fabricated from OCTG. 

The tubular member 715 preferably has a substantially annular cross- 
section. More preferably, the tubular member 715 has a substantially circular 
annular cross-section. 

The tubular member 715 preferably Includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 
hibular member 71 5 preferably is defined by the region beginning In the vicinity 
of ttie mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intemiediate section 810 of the tubular member 715 is 
preferably 

defined by the region beginning in the vicinity of tfie top of tiie mandrel container 
710 and ending witti ttie region in the vicinity of the mandrel 705. The lower 
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feglon beginning In the vicinity rf<He 'maiiaiei-Zos ini 4Wdlng at the bottom 825 
of the tubular memb)er 715. 

The wall thickness of the upper section 805 of the tubular member 715 
may be greater than the wall thicknesses of the intennediate and lower sections 
810 and 815 of the tubular member 715 in order to optimally faclllate the Initiation 
of the extnision process and optimally permit the apparatus 700 to be positioned 
in locations in ttie wellbore having tight clearances. 

nie outer diameter and wan thickness of the upper section 80S of the 
tubular member 715 may range, for example, from about 2.667 to 1 2 1 .92 cms 
(1 .05 to 48 Inches) and 0.31 75 to 5.08 cms (1/8 to 2 Inches), respectively. The 
outer diameter and wall Uilckness of the upper section 805 of the tubular 
member 715 may range from about 8.89 to 40.64 cms (3.5 to 1 6 Inches) and 0.375 
to 3.81 cms (3/8 to 1.5 inches), respectively. 

nie outer diameter and wall thickness of the intermediate section 810 of 
the tubular member 715 may range, for example, from about 6.35 to 127 cms (2 5 
to 50 inches) and 0.15875 to 3.81 cms (1/16 to 1.5 Inches), respectively. The outer 
diameter and wall tiiickness of ttie intemiediate section 810 of tfie tabular 
member 715 may range from about 8.89 to 48.26 cms (3.5 to 19 Inches) and 
0.3175 to 3.175 cms (1/8 to 1.25 Inches), respectively. 

The outer diameter and wall ttiickness of the lower section 81 5 of the 
tubular member 715 m^range. for example, from about 6.35 to 127 cms (2 5 to 

50 inches)and0.15875to 3.175 cms(l/16to1.25 inches), respectively. The outer 
diameter and wall ttiickness of tiie lower section 810 of the tubular member 715 
may range from about 8.89 to 48.26 cms (3.5 to 19 inches) and 0.31 75 to 3. 1 75 
cms (1/8 to 1.25 Inches), respectively. The waU tiiickness of the tower section 
815 of tfie tubular member 715 may be ftmher Increased to Increase ttie strength 
of ttie shoe 720 when drillable materials such as. for example, aluminum are 
used. 

The tubular member 715 preferably comprises a solM tubular member 
•me end portion 820 of the tubular member 7 1 5 may be slotted, perforated, or 
ottieiwise modified to catch or stow down ttie mandrel 705 when it completes 
the extrusion of tubular member 715. The lengtti of ttie tubular member 715 may 
bellmitedtomlnimlzettiepossibilityofbuckling. For typical tubular member 



71 5 materials, the length of iher wbiilar membfeV 71*5 may be preferably limited to 
between about 12.192 to 6,096 m (40 to 20,000 feet) in length. 

The shoe 720 Is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. The shoe 720 may 
further include an inlet passage 830, and one or more jet ports 835. Preferably, 
the cross-sectional shape of the inlet passage 830 is adapted to recehre a latch- 
down dart, or other similar elements, for blocking the inlet passage 830. The 
interior of the shoe 720 preferably Includes a body of solid material 840 for 
increasing the strength of the shoe 720. The body of solid material 840 
preferably comprises ahiminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 720 may comprise an aluminum 
down-jet guide shoe with a sealing sleeve for a latch-down plug available from 
Halliburton Energy Services in Dallas, TX, modified In accoidance with the 
teachings of the present disclosure, in order to optimize guiding the tubular 
member 715 in the weUbore, optimize the seal between the tubular member 715 
and an existing wellbore casing, and to optimally faciliate the removal of the 
shoe 720 by drilling it out after completion of the extnision process. 

The lower cup seal 725 Is coupled to and supported by the support 
member 745. The lower cup seal 725 prevents foreign materials from entering 
the interior region of the tubular member 7 1 5 above the expandable mandrel 
705. The lower cup seal 725 may comprise any number of conventional 
commercially available cup seals such as, for example, TP cups or Selectee 
Injection Packer (SIP) cups modified in accordance with the teachings of the 
present disclosure. TTie lower cup seal 725 may comprise a SIP cup. available 
from Halliburton Energy Sendees in Dallas, TX in order to optimally provide a 
debris barrier and hold a body of lubricant 

The upper cup seal 730 is coupled to and supported by the support 
member 760. TTie upper cup seal 730 prevents foreign materials from entering 
the interior region of the tubular member 715. The upper cup seal 730 may 
comprise any number of conventional commercially available cup seals such as, 
for example, TP cups or Selecth«e Injectfon Packer (SIP) cup modified in 



accordance with the teachings of ihe'preseni dtectosdre/The upper cup seal 730 
may comprise a SIP cup available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a debris barrier and contain a body of lubricant. 

The fluid passage 735 pemiits fluidic materials to be transported to and 
from the interior region of the tubular member 715 belov^ the expandable 
mandrel 705. The fluid passage 735 is fluidicly coupled to the fluid passage 740. 
The fluid passage 735 is preferably coupled to and positioned within the support 
member 760, the support member 745, the mandrel container 710, and the 
expandable mandrel 705. The fluid passage 735 preferably extends from a 
position adjacent to the surface to the bottom of the e3q[>andable mandrel 705. 
The fluid passage 735 is preferably positioned along a centerline of the apparatus 
700. The fluid passage 735 is preferabfy selected to transport materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 
151.4164 to 11356.2355 litres/minute (40 to 3,000 gallons/minute) and 34.473 to 
620.52813 bar (500 to 9,000 psi) in order to provide sufficient operating pressures 
to extrude the tubular member 71 5 off of the expandable mandrel 705. 

As descrit>ed above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbore, fluidic materials forced up the 
fluid passage 735 can be released into the wellbore above the tubular member 
715. The 24>paratus 700 further irM:ludes a pressure release passage that is 
coupled to and positioned within the support member 260. The pressure release 
passage Is further fluidicly coupled to the fhiid passage 735. The pressure release 
passage preferably includes a control valve for controOably opening and closing 
the fluid passage. The control vaWe may be pressure activated in order to 
controOably minimize surge pressures. The pressure release passage is 
preferably positioned substantially orthogonal to the centerline of the apparatus 
700. The pressure release passage is preferably selected to convey materials 
such as cement, drilling mud or epoxies at flow rates and pressures rarigir^ fix>m 
about 0 to 1 892.7059 litres/minute (0 to 500 gallons/minute) and 0 to 68.94757 bar 
(0 to 1 ,000 psi) in order to reduce the drag on the apparatus 700 during insertion 
into a new section of a wellbore and to minimize surge pressures on the new 
wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 715. The fluid passage 740 is 
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preferably coupled to and posittoned witWn thfe'sho^ 720 in nuidic 
communication with the interior region of the tubular member 715 below the 
expandable mandrel 705. The fluid passage 740 preferably has a cross-secUonal 
shape that pennits a plug, or other similar device, to be placed in the inlet 830 of 
the fluid passage 740 to thereby block hirther passage of fluidicinaterials. In this 
manner, the interior region of the tubular member 715 below the expandable 
mandrel 705 can be optimally fluidlcly Isolated from the region exterior to the 
tubular member 715. This permits the interior region of the tubular member 715 
below the expandable mandrel 205 to be pressurized. 

The fluid passage 740 is preferably positioned substantially along ttie 
centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3,000 
gaUons/minute) and 0 to 620.528 1 3 bar (0 to 9.000 psi) In order to optimally fill an 
annular region between the tubular member 715 and a new section of a wellbore 
wltti fluidic materials. The fluid passage 740 may include an inlet passage 830 
having a geometry tiiat can receh^ a dart and/or a ball sealing member. In this 
mariner, tiie fluid passage 240 can be sealed off by introduclr^ a plug, dart and/or 
ball sealing elements into the fluid passage 230. 

The apparatus 700 may further Include one or more seals 845 coupled to 
and supported by tfie end portion 820 of tfie tubular member 715. The seals 845 
are further positioned on an outer surface of ttie end portion 820 of tfie hibular 
member 715. TTie seals 845 pemiit tfie overiapping joint between an end portion 
of preexisting casing and tfie end portion 820 of tfie tubular member 715 to be 
fluidicly Sealed. Hie seals 845 may comprise any number of convfentional 
commercially available seals such as, for example, lead, mbber, Teflon™, or 
epoxy seals modified in accordance ivitfi tfie teachings of tfie present disclosure. 
The seals 845 comprise seals molded from StrataLock epoxy available ftom 
Halliburton Energy Services In Dallas. TO in order to optimally provide a hydraulic 
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^ seal and a load bearing interference Tit in the dveriapping joint between the 

tubular member 7 1 5 and an existing casing with opUmal load bearing capacity to 
support the tubular member 715, 

The seals 845 may be selected to provide a sufficient frictional force to 
support the expanded tubular member 7Io from the existing casing. The 
fHctional force provided by the seals 845 preferably ranges liom about 68.94757 
to 68,947.57 bar (1,000 to 1,000,000 Ibf) In order to optimally support the 
e3q>anded tubular member 715. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to cany the apparatus 
700 into a new section of a weUbore. The support member 745 may comprise 
any number of conventional commercially available support members such as, 
for example, steel drill pipe, coUed tubing or other high stirength tubular modified 
in accordance witti Uie teachings of tite present disclosure. The support member 
745 may comprise conventional driD pipe available from various steel mills in the 
United States. 

A body of lubricant 750 may be provided in tiie annular region above tfie 
expandable mandrel container 710 wittiin the interior of ttie tubular member 715. 
In tiiis manner, the extnision of ttie tubular member 7 1 5 off of Uie expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
conventional commercially available lubricants such as, for example, Lubriplate, 
chlorine based lubricants, oil based lubricants, or Climax 1500 Antisleze (3100). 
The lubricant 750 preferably comprises Climax 1500 Antisieze (3100) available 
from Halliburton Energy Services in Houston, TX in order to optimally provide 
lubrication to faciliate ttie extrusion process." 

The overshot connection 755 is coupled to tfie support member 745 and 
ttie support member 760. The overshot connection 755 preferably pennits ttie 
support member 745 to be removably coupled to ttie support member 760. The 
overshot connection 755 may comprise any number of conventional 
commercially available 
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overshot connections such as. for example. Innerstiing Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. The 
overshot connection 755 may comprise a Innerstring Adapter witti an Upper 
Guide available from Halliburton Energy Services in Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a suifece support stnicture (not iUusdated). The support member 760 
preferably comprises an annular member having sufficient strength to cany the 
apparatus700intoanewsectionofawellbore. TTie support member 760 may 
comprise any number of conventional commercially available support members 
such as. for example, steel drill pipe, coUed tubing or other high strength tubulars 
modified in accordance witti ttie teachings of the present disclosure. The 
support member 760 preferably comprises a conventional driU pipe available 
from steel mills in ttie United States. 

The stabilizer 765 is preferably coupled to tfie support member 760. The 
stabilizer 765 also preferably stabilizes the components of tiie apparatus 700 
wittiin the tubular member 715. The stabilizer 765 preferably comprises a 
spherical member having an outside diameter tfiat is about 80 to 99% of the 
interior diameter of ttie tubular member 715 In order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any 
number of conventional commercially avaUable stabilizers such as, for example, 
EZ Drill Star Guides, packer shoes or drag bk>cks modified in accordance with 
ttie teachings of ttie present disclosure. The stabilizer 765 preferably comprises a 
sealing adapter upper guide available from Halliburton Energy Services In Dallas, 
TX. 

The support members 745 and 760 may be ttioroughly cleaned prior to 
assembly to ttie remaining portions of ttie apparatus 700. In ttiis manner, ttie 
introduction of foreign material into ttie apparatus 700 is minimized. This 
minimizes ttie possibiUly of foreign material clogging ttie various flow passages 
and valves of the apparatus 700. 

Before or after positioning ttie apparatus 700 wittiin a new section of a 
weObore, a couple of wellbore volumes are drculated 



through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
flow passages and vailves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 705 during the expansion 
process. 

The apparatus 700 may be operated substantially as described above with 
reference to Figs. 1 *7 to forni a new section of casing within a wellbore. 

As illustrated in Fig. 8, in an alternative preferred embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred eml>odiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, any number of fluidic 
materials can be used to expand the tubular liner 810 into intimate contact with 
the damaged section of the wellbore casing such as, for example, cement, 
epoxy, slag mbc, or drilling mud. In the alternative preferred embodiment, 
sealing members 81 5 are preferably provided at both ends of the tubular member 
in order to optimally provide a fluidic seal. In an altemathre preferred 
embodiment, the tubular liner 810 is formed within a horizontally positioned 
pipeline section, such as those used to transport hydrocarbons or water, with the 
tubular liner 810 placed in an overlapping relationship with tiie adjacent pipeline 
section. In this marmer, underground pipelines can be repaired v\dthout having 
to dig out and replace the damaged sections. 

In another alternative preferred emt>odiment, the method and apparatus 
described herein is used to directly line a wellbore witii a tubular liner 810. In a 
preferred embodiment, an outer annular lining of cement is not provided 
between tiie tubular liner 810 and the wellbore. In ttie alternative preferred 
embodiment, any number of fluidic materials can be used to e3q)and the tubular 
liner 810 into intimate contact with the wellbore such as, for example, cement, 
epoxy, slag mix, or drilling mud. 

Referring now to Figs.,9, 9a, 9b and 9c, a prefened embodiment of an 



ayjparatus 900 for forming a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a 
shoe 908. In a preferred embodiment, the design and constniction of the 
mandrel 906 and shoe 908 permits easy removal of those elements by drilling 
them out In this manner, the assembly 900 can be easily removed from a 
wellbore using a conventional drilling apparatus and conesponding drilUng 
methods. 

The expandible tubular member 902 preferably Includes an upper portion 
91 0, an intermediate portion 912 and a lower portion 914. During operation of 
the apparatus 900, the tubular member 902 is preferably extmded off of the 
mandrel 906 by pressurizing an interior region 966 of the tubular member 902. 
The tubular member 902 preferably has a substantially annular cross-section. 

In a particulariy preferred embodiment, an expandable tubular member 
915 is coupled to the upper portion 91 Oof the expandable tubular member 902. 
During operation of the apparatus 900, the tubular member 915 is preferably 
extruded off of the mandrel 906 by pressurizing the interior region 966 of the 
tubular member 902. The tubular member 91 5 preferably has a substantially 
annular cross-section. In a piefeired embodiment, the wall thickness of the 
tubular member 915 is greater than the wall thickness of the tubular member 
902. 

The tubular member 91 5 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
lubulars. low alloy steels, titanium or stainless steels. In a prefened 
embodiment, the tubular member 915 is fabricated from oilfield tubulars in order 
to optimally provide approximately the same mechanical properties as the 
tubular member 902. In a particulariy preferred embodiment, the hibular 
member 915 has a plastic yieW point ranging from about 275.9028 to 9307.92195 
bar (40,000 to 135,000 psi) in order to optimally provide approximately the same 
yield properties as the tubular member 902. The tubular member 915 may 
comprise a phnafily of tubular members coupled end to end. 

In a preferred embodiment, the upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fluldic 
and/or gaseous seal witii an existing section of wellbore casing. 
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In a preferred embodiment, the cor/ibinfed leositi 6f tl* hibijlar members 
902 and 915 are limited to minimize the possibility of buckling' For typical tubular 
member materials, the combined length of the tubular members 902 and 915 
limited to between about 12.192 to 6,096 m (40 to 20,000 feet) in length. 

The lower portion 91 4 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in inUmate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
convenuonal commerciaUy available materials such as. for example, oilfield 
lobulars. low alloy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oUfield tubular^ in order 
to optimally provide approximately the same mechanical properties as the 
tubularmember915. In a particularly preferred embodiment, the tubular 
member 902 has a plastic yield point ranging from about 275.9028 to 9307 92 1 95 
bar (40,000 to 135.000 psi) in order to optimally provide approximately ti,e same 
yield properties as ttie tubular member 915. 

n»e wan thickness of the upper, intermediate, and lower portions. 91 0. 91 2 and 
914 of the tubular member902 may range, for example, from about 0.625 to 3.81 (1/16 to 
1 .5 Inches). In a preferred embodiment, the wall thickness of the upper, intem^edlate. 
and tower portions. 910. 912 and 914 of the tubular member 902 range from about 0.3175 
to 3. 1 75 cms (1/8 to 1 .25 inches) in order to optimally provide wall thickness that are 
about the same as the tubular member 9 1 5. In a preferred embodiment, the wall 
thickness of the lower portion 914 is less ti^an or equal to the wall tiuckness of the upper 

portiongiOlnordertooptimallyprovideageometiyti^atwiliminto tight clearances 
downhole. 

nie outer diameter of the upper, intemiediate. and lower portions. 910. 912 and 

9 4of the tubularmember 902 may range, for example, from about 2.667tol21.92 cms 
(1.05 to 48 inches). In a prefened embodiment, tiie outer diameter of tfie upper 
intemiediate. and lower portions. 910. 912 and 914 of ti^e tubular member 902 range 
ftom about 8.89 to 48.26 cms (3 to 19 inches) in order to optimally provide ti,e abiUty 
to expand the most commonly used oOfield tubulars. 



^ The length of the tubular member 902 is preftf ibiy limited to between about 

0.6096 to 1.524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
_ mandrel 906 and a body of lubricant. 

The tubular member 902 niay comprise any number of conventional 
5 commercially available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various steel mills. 
The tubular member 916 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disdosure. In a preferred embodiment, the tubular meniber 915 compr^ 
Oilfield Country Tubular Goods available firom various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a pliu-ality of tubxilar elements that are coupled end to 
end. The various elements of the tubular member 916 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined bom one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any munber of 
conventional process such as, for example, threaded connections, welding or 
machined tcom one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
dxiring movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross*section. 
30 The support member 904 may be fabricated firom any number of 

conventional commercially available materials such as, for example, oilfield 
^ tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 



^ embodiment, the support member 904 is febrf<at^ from'wkuoy'rtJe'l in order 
to optimally provide high yield strength'. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventionaldrillstringsupportfromasurfecelocation. The innerstring adaptor 
5 916 may be coupled to a conventional driU string support 971 by a threaded 
connection 970. 

The fluidpassage918ispreferablyused to conveyfluids and other materials 
to and from the apparatus 900. In a preferred embodhnent, the fluid passage 918 
is fluidicly coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 Pas8age918isusedtoconvQrhardenablefluidicsealingmaterialstoandfromthe 
apparatus900. Inaparticularlypr«ferredembodiment. the fluid passage 918 may 
include one or more pressure relief passages (not iUustrated) to release fluid 
pressure duringpositioningofthe apparatus 900 withinawellbore. Inapr«ferred 
embodiment, the fluid passage 9 18 is positioned along a longitudinal centerline of 
15 theapparatos900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.52813 bar (0 to 9.000 psi). 

The upper guide 920 is coupled to an upper portion ofthesuppori. member 
904. Theupperguide920preferablyisadaptedtocenterthesupport:member904 
20 wzthinthetubularmember916. The upper guide 920 mi^r comprise any number 
of conventional guide members modified in accortiance with the teachings of the 
present disclosure. ^ a preferred embodiment, the upper guide 920 comprises an 

umerstringadapteravailabIefromadliburtonEnergyServicesinDallas.TXo 
to optunally guide the apparatus 900 within the tubular member 915 

25 ^«««Pli^922couplesthesupportmember904tothemandrel906 The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as. for e«unple, welding, threaded 
---tionsormachinedfi.monepiece.Inapreferredembodiment.thevario^ 
30 «l«°^ent8ofthesupportmember904arecoupledusingthreadedconnections 

Themandrel906preferablyincludesaretainer924,arubbercup926 an 
expansioncone928,alowerconeretainer930.abodyofcement932.alowergmde 
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. 934, an extension sleeve 936, a spacer 938» a hdfiMng 940, a se'aling sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any niamber of conventional 
commercially available retainers such.as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entiy of 
foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any nimiber of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Iiyection Packer (SEP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SEP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 
^ In a particularly preferred embodiment, a body of lubricant is farther 

provided in the interior region 972 of the tubular member 902 in order to lubricate 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surfaceof the tubular members 902 and 915. The lubricant may comprise any 
number of conventional coinmerdally available lubricants such as, for example, 
Lubriplate™, chlorine based lubricants, oil based lubricants or Climax 1 500 Antiseize 
(3100X Inapa«ferredembodunent, thelubricantcomprises Climax 1500 Anti^ 
25 (3100) available from Climax Lubricants and Equipment Co. in Hoxiston, TX in 
order to optimally provide lubrication to fiwaliate the extrusion process. 

The expaxiBion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 916 are extruded oflf of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
^ of the e^ansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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^ and the upper cone retainer 944. Inner radial movement of the exp'ansion cone 928 is 

prevented by the body of cement 932. the housing 940. and the upper cone retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. The 
outside diameter of the e>q>ansion cone 928 is preferably tapered to provide a cone 
shape. The wall thickness of the expansion cone 928 may range, for example, from 
about 0.3175 to 7.62 cms (0.125 to 3 inches). In a preferred embodiment, the waU 
thickness of the expansion cone 928 ranges from about 0.635 to 1.905 cms (0.25 to 0.75 
inches) in order to optimally provide adequate compressive strength with minimal 
material. The maximum and minimum outside diameters of the e^qpansion ctme 928 
may range, for example, from about 2.54 to 1 19.38 cms (1 to 47 Inches). In a prefened 
embodiment, the maximum and minimum outside diameters of the expansion cone 928 
range from about 8.89 to 48.26 cms (3.5 to 19 inches) in order to optimally provide 
expansion of generally available oilfield tubulars. 

The expansion cone 928 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, 
tool steel, titanium or low aUpy steel. In a prefened embodiment, the expansion 
cone 928 is fabricated from tool steel in order to optimally provide high strengtti 
and abrasion resistance. The surface hardness of tiie outer surface of tfie 
expansion cone 928 may range, for example, from about 50 Rockwell C to 70 
RockweD C. In a prefened embodiment, tfie surface hardness of the outer 
surface of tfie expansion cone 928 ranges from about 58 Rockwell C to 62 
Rockwell C in order to optimally provide high yield strengtfi. In a preferred 
embodiment, tfie expansfon cone 928 Is heat treated to optimally provide a hard 
outer surface and a resilient interior body in order to optimaUy provide abrasion 
resistance and fracture toughness. 

The lower cone retainer 930 Is coupled to tfie expansion cone 928 and tfie 
housing 940. In a prefened embodiment, axiaT movement of tfie expansion cone 
928 is prevented by tfie tower cone retainer 930. Preferably, tfie lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, 
tool steel, titanium or low aUoy steel. In a prefened embodiment, tiie lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
strength 



( and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a prefeired embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in o«ler to optimally provide high yield strength. In a prefeired embodiment the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a reslBent interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a prefen-ed embodiment, the lower cone retainer 930 and the expansion 
1 0 cone 928 are fomied as an integral one-piece element in oider reduce the number 
of components and increase the overall strength of the apparatus. The outer 

surfaceofttie lower cone retainer 930 preferably mates with the Innersurfaces of 
the tubular members 902 and 915. 

The body of cemenl932 is positioned within the Interiorof the mandrel 906 
15 The body of cement 932 provides an inner bearing stmc.ure for the mandrel 906 

The body of cement 932 furfhermay be easily drilled out usingaconvenuonal drill 
device. In this manner, the mandrel 906 may be easily removed using a 
convenUonai drilling device. 

The body of cemeni 932 may comprise any member of com^Uonal 
20 commercially available cemem compounds. Altemalively, aluminum, cast i„>n or 

someott,erdmiableme.allic composite. oraBregatematerialmaybesubstttuted 
for cemem. body of cemem 932 preferably has a substanBally annular cross- 
section. 

'^^'°^'8Uide934iscoupledtolhee«enslonsleeve936andhousing940 
25 During openuion of U« appa.an» 900, U« lower guide 934 preferably helps guide 

tt.emovementoflhemand«l906witttolhehibularmember902. TT»lowerguide 
934 preferably has a substantially annular cross-secUon 

UK lower guide 934 may be fabricated f«,m any number of com^nal 
commercially available materials such as, forexample, oIMeH tubulars, lowalloy 
30 steel or stainless steel, in a prefeired embodiment, the lower guide 934 Is 
fab„cated<romlowalloysteelinorde,looptimalfyp,«4dehigh,ieldstiength.Tl,e 



( outer surface of the lower guide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sUding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900. the extension sleeve 936 preferably 

5 helpsguidethemovementofthemandrel906withinthetubularmember902 The 
extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as. for example, oilfield 
tubulars. low alloy steel or stainless steel. In a preferred embodiment, the 
1 0 extension sleeve 936 is fabricated from lowalloy steel in order to optimally p,x>vide 
h.gh yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
fomned as an integral one-piece element in order to minimize the number of 
1 5 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 

preferablylncludesthenuidpassage952andisadapted to mate with theextension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fiuid passage 962 
20 Preferably, the spacer 938 has a substantially annular cioss-section 

The spacer 938 may be fabricated from any number of conventional 

commerciallyavailablematerialssuchas.forexample.steeI.aIuminumorcastlron 
In a preferred embodiment, the spacer 938 is fabricated from aluminum in order 

tooptimallyprovidedrillability. TTie end of the spacer 938 preferably mates with the 
25 endoftheextensiontube960. In a preferred embodiment, the spacer 938 and the 
sealing sleeve 942 are fomted as an integral one-piece element in order to reduce 
the number of components and increase the strength of the apparatus 

The housing 940 is coupled to the lower guide 934. extension sleeve 936 

^P^ton cone 928. body Of cement 932. and lower cone retainer 930. During 
operation of the apparatus 900. the housing 940 preferably prevents inner ladial 
motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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( The housing 940 may be fabricated from any number of conventional 

commercially available materials such as. for example, oilfield tubulars, low alloy 
steel or stainless steel. In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a preferred 
5 embodiment, the lower guide 934. extension sleeve 936 and housing 940 are 
fomned as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to faciUate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932. the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupUng 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commerciallyavailable materials such as. forexample, steel, aluminum or cast iron. 
In a preferred embodiment, the sealing sleeve 942 is fabricated from aluminum In 
20 order to optimally provide drillability of the sealing sleeve 942. 

In a particulariy prefen-ed embodiment, Uie outer surface of the sealing 

sleeve 942 includesoneormoreprotnisions to faclUate the connectionbetweentfie 
sealing sleeve 942 and Uie body of cement 932. 

In a particulariy prefenred embodiment, the spacer 938 and the sealing sleeve 
25 942 are integrally formed as a one-piece element in order to minimize the number 
of components. 

The upper cone retainer 944 is coupled to tfie expansion cone 928. tfie 
sealing sleeve 942. and ihe body of cement 932. During operation of the apparatus 
900. me upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone928. Preferably, ttie upper cone retainer 944 has a substantially annular cross- 



section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast Iron. In a preferred embodiment, the upper cone retainer 944 Is 
fabricated from aluminum in order to optimallyprovide drillability of the upper cone 
5 retainer 944. 

In a particularly prefen-ed embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide Increased rigidity. In a particularly 
prefened embodiment, the upper cone retainer 944 has a cross-sectional shape 
that Is substantially 1-shaped to provide Increased rigidity and minimize the amount 
1 0 of material that would have to be drilled out 

The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 926, 
the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. During 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 
body of lubricant in the annular region 972 for lubricating the interface between the 
1 5 mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 
20 fabricated from aluminum In order to optimally provide drillabiUty of the lubricator 
mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924. the njbber cup 926, tiie upper cone retainer 944, the lubricator sleeve 
948, and the guide 950. During operation of ttie apparatus 900, the lubricator sleeve 

25 948 preferably supports the mbber cup 926. Preferably, the lubricator sleeve 948 
has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a prefen^ed embodjment, the lubricator sleeve 948 Is 

30 fabricated from aluminum in order to optimally provide drillability of the lubricator 
sleeve 948. 



As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 926. The 
retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In a 
prefemed embodiment, seals 949a and 949b are provided between the lubricator 
mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the hibricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
guide 950 has a substantially annular cross>section. 

The guide 950 may be fabricated from any number of conventional commercially 
available materials such as, for example, steel, aluminum or cast iron. In a preferred 
embodiment, the guide 950 is fabricated from aluminum order to opUmaOy provide 
drillability of the guide 950. 

The fluid passage 952 Is coupled to Oie mandrel 906. During operation of the 
apparatus, the fluid passage 952 preferably conveys hardenable fluldic materials. In a 
prefened embodiment, the fluid passage 952 is positioned about the centeriine of the 
apparatus 900. In a particulariy prefened embodiment, the fluid passage 952 is adapted 
to convey hardenable fluldic materiab at pressures and flow rate ranging ftom about 0 to 
620.5281 3 bar (0 to 9,000 psi) and 0 to 1 1 356.2355 Htres/mlnute (0 to 3.000 gallons/min) in 
order to optimally provide pressures and flow rates to displace and circulate fluids 
during the installation of the apparatus 900. 

The various elemoits of the mandrel 906 may be coupled using any number of 
conventional process such as. for example, threaded connections, welded connections 
or cemendng. In a prefened embodiment, the various elements of the mandrel 906 are 
coiq}led using threaded connections and cemendi^. 

The shoe 908 preferably includes a housing 954, a body of cement 956. a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower 
portion 91 4 of the tubular member 902. During operation of the apparatus 900. 
the housing 954 preferably couples the lower portion of the hibular member 902 
to the shoe 908 
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( to facilitate the extrusion and positioning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
opU'maUy provide drillability of the housing 954. 

In a particularly prefen-ed embodiment, the interior surface of the housing 
954 Includes one or more protmslons to faciliate the connection between the body 
of cement 956 and the housing 954. 

10 '^ebodyofcement956lscoupledtothehouslng954.andthesealingsleeve 
958. In a prefened embodiment, the composition of the body of cement 956 is 
selected to pemiil the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 

15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as. for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956. the extension 
tube 960. the fluid passage 962. and one or more outiet jets 964. During operation 
20 of the apparatus 900. the sealing sleeve 958 preferably is adapted to convey a 

hardenablenuidicmaterialfromtiiefluidpassage952lntothefluidpassage962and 

then into theoutietjets 964 inordertoiniectthehardenablefluidlcmateriallntoan 
annular region external to the tubular member 902. In a preferred embodiment 
dunng operation of the apparatus 900. the sealing sleeve 958 further Includes an' 

25 •"'et8eometrylhatpermitsaconventfonaIplugordan974tobecomelodgedinthe 
mlet of the sealing sleeve 958. In ttUs manner, the fluid passage 962 may be 

blocked therebyfluidldyisolatingthelnteriorregion966of the tubularmember902 

InapreferTedembodiment,theseaUngsleeve958hasasubstantiallyannular 
cross-sectioa The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially available materials such as. for example, steel 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillabilily of the sealing 
^ sleeve 958. 

— The extension tube 960 is coupled to the sealing sleeve 958, the fluid 

passage 962. and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to ii«ect the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 
10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluididy isolating the interior r^on 966 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally fadliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
^ annularcross-section. The extension tube 960 may be fabricated ftt>m any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is' 
20 fabricated from aluminum in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube960,andoneormoreoutletjets964. Duringoperationofthe apparatus 900, 
the fluid passage 962 is preferably conv^ hardenable fluidic materials. In a 
25 P«ferredembodlment.thefluidpassage962ispositionedaboutthecenterlineof 
theapparatus900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 

rangii,gfromabout0to620.52813bar(0to9.000psi)and0to 1 1356.2355 (0 to 3 000 
gaUons/mm) in order to optimally provide fluids at operationally effid«it iat«^ 
30 The outlet jets 964 are coupled to the sealing sleeve 968, the extension tube 

960,andthefluidpas8age962. Duringoperationofthe apparatus 900. the outlet 
^ets 964 preferably conv^ hardenable fluidic material from the fluid passage 962 



^ to the region eicterior of the apparatus 9D0. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simpliiy the construction 
5 of the apparatus 900. 

The variouB elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surface location into the fluid passage 918. The 
hardenable fluidic sealing material then passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wall of the new section of the 
wellbore. Continued piunping of the hardenable fluidic sealing material causes the 
material to fill up at least a portion of the unn^iTflr region. 

The hardenable fluidic sealing material is preferably pumped into the 

30 annular region at pressures and flow rates ranging, for example, fiom about 0 to 344.73785 bar (0 to 5,000 
psi) and 0 to 5678.1 177 litres/imnutc (0 to 1»500 gallons/min), respectively. In a preferred embodiment, 
die hardenable fluidic sealing matedal is punq[>ed into the annular region at pressures 



and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred emt>odiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular region. 
The optimum composition of the blended cements is preferably determined using 
15 conventional empirical methods. 

The annular region preferably is filled v^th the hardenable fluidic sealing 
materia] in sufficient quantities to ensure that, upon radial expansion of the tubular 
memt>er 902, the annular region of the new section of the welU>ore wiD be filled 
with hardenable material. 
20 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 thereby fluidicly isolating the interior region 966 of the 
tubular member 902 from the external annular region. In a preferred embodiment, 
a non hardenable fluidic material is then pumped into the interior region 966 
25 causing the interior region 966 to pressurize. In a particulariy preferred 
embodiment, the plug or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 by introducing the plug or dart 974, or other similar device 
into the non hardenable fluidic material. In this manner, the amount of cured 
material within the interior of the tubular meml>ers 902 and 91 5 is minimized. 
30 Once the interior region 966 l>ecomes sufficiently pressurized, the tubular 

members 902 and 9 1 5 are extruded off of the mandrel 906. The mandrel 906 may 



3*1 



be fixed or it may be expandible. DdHng the extrusion process^ the mandrel 906 
( is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. During this extrusion process, the shoe 908 is preferably 
substantially stationary. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a flmd passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down plug, Omega latch-down 
10 plug or three-wiper latch down plug modified in accordance with the tea^ 

the present disclosure. In a preferred embodiment, tiie plug or dart 974 comprises 
a MSG latch-down phig available fix>m Halliburton Energy Services in Dallas, TX. 

Afl^er placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
16 pressures and flow rates ranging fix>m approximately 34.473 to 620.52813 bar (500 to 
9,000 psi) and 151.4164 to 1 1356.2355 litres/minute (40 to 3,000 gaUons/min) in order to 
optimally extnide the tubular members 902 and 915 oflFof Ae mandrel 906. 

For typical tubular nemben 902 and 915, die eztnision of tutmkr mead>ezs 902 and 915 off 
of the es^andabb mandiel will begin when die pnmac of die interior region 966 reaches ^)proxiniately 
34.473 to 620.52813 bar (500 to 9,000 psi). In a prefeired embodimest. die extniaion of die tubular 

20 

xnembcrs 902 and 915 off of die mandrel 906 begins vvbm die pressure of die interior region 966 reaches 
approximately 82.7352 to 586.041 bar (UOO to 8,500 psQ widi a flow rate of about 151.4164 to 
473L7648 litres/iminute (40 to 1250 gallons/bunute). 

During the extrusion process, the mandrel 906 may be raised out of the expanded 
portions of the tubular members 902 and 915 at rates ranging, for example, from about 0 
25 ^ m/s (0 to 5 ft/sec), hi a preferred embodiment, during die extrusion process, the 
mandrel 906 is raised out of the expanded portions of the tubular memba^ 902 and 915 
at rates ranging from about 0 to 0.6096 m/s (0 to 2 fl/sec) in order to optimally provide 
pulling speed fast enough to pemiit efficient operation and peraiit fiiU expansion of the 
tubular members 902 and 915 prior to curing of the hardenable fluidic sealing material; 
but not so fast that timely adjustment of operating parameters during operation is 
30 prevented 



When the upper end portion of the tabular member 915 is extnided off of the 

mandrel 906. the outer surface of the upper end portion of the tabuJarmemberSlSwiU 
preferably contact the Interior surface of the lower end portion of the existing casing to 
. . fom, an fluid tight overiapping joint The contact pressure of the overiapping joint may 
range, for example, from approximately 3.447379 to 1 ,278.9514 bar (50 to 20.000 psi) In 
aprefened embodiment, the contact pressure of the overiapping joint between the 
upper end of the tabularmember 915and the existing section of wellbore casing ranges 
ftom approximately 27.579028 to 689.4757 bar (400 to 10.000 psi) in oixier to optimally 
provide contact pressure to actuate the sealing members and provide optimal resistance 
such that the tabular member 915 and existing wellbore casing will cany typical tensile 
and compresshre ioafls. 

In a piefeircd embodiment, the operating pressure and flow rate of the 
non hardenable fluldic material will be contioUably ramped down when the 
mandrel 906 reaches the upper end portion of the tubular member 91 5. In this 
manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 915 off of the expandable mandrel 906 can be minimized. In a 
preferred embodiment, the operating pressure is reduced h, a substantially linear 
fashion from 100% to aboullO% during the end of the extrusion process 
beginning when the mandrel 906 has completed approximately all but about the 
last 1.524m (5 feet) of the extnision process. 

In an altemath^ preferred embodiment, the operating pressure and/or 
flowrate of the hardenable fluldic sealing material and/or the non hardenable 
fluldic material are controlled during all phases of the operation of the apparatus 
900 to minimize shock. 

Altemat^ely. or In combination, a shock absorber Is provided in the 

support member 904 In order to absort> the shock caused by the sudden release 
of pressure. 

Altematively, or in combination, a mandrel catching stnichire is provided 
above the support member 904 in order to catch or at least decelerate the 
mandrel 906. 

Once the extrusion process Is completed, Uie mandrel 906 is removed 

ftom the wellbore. In a preferred embodiment. eitt,er before or after the removal 
of the 



( mandrel 906, the integrity of the fluidic seal of the overiapping joint between the 
upper portion of the tubular member 915 and the lower portion of the exisUng 
casing is tested using conventional methods. If the fluidic seal of the overiapping 
joint between the upper portion of the hjbular member 91 5 and the lower portion 
5 of the existing casing is satisfactoiy, then the uncured portion of any of the 
hardenable fluidic sealing material within the expanded tubular members 1 5 is then 
removed in a conventional manner. The hardenable fluidic sealing material wiUiin 
the annular region between the expanded tubular member 915 and tfie existing 
casing and new section of wellbore is then allowed to cure. 
1 0 Preferably any remaining cured hardenable fluidic sealing material witfiin Uie 

interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably Includes the expanded tubular members 902 and 915 and an 
outerannular layer of cured hardenable fluidic sealing material. The bottom portion 
15 of the apparatus 900 comprising the shoe 908 may ttien be removed by drilling out 
ttie shoe 908 using conventional drilling methods. 

In an alternative embodiment, during tiie extiusion process, it may be 
necessary to remove the entire apparatus 900 from the interior of the wellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to driU out 
20 the interior sections of tiie apparatus 900 In order to faclUtate the removal of tiie 
remaining sections. In a prefened embodiment, ttie interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, ttiat pemnit a conventional driU string to be employed to drill out the 
interior components. 

25 In particular, in a preferred embodiment, ttie composition of the interior 

sections of tfie mandrel 906 and shoe 908, including one or more of ttie body of 
cement 932, the spacer 938, ttie sealing sleeve 942. ttie upper cone retainer 944. ttie 
lubricator mandrel 946. tfie lubricator sleeve 948. ttie guide 950, ttie housing954, ttie 
body of cement 956, ttie sealing sleeve 958, and ttie extension tube 960. are 

30 selected to permit at least some of tiiese components to be driUed out using 
conventional drilling mettiods and apparatus. In ttiis manner, In ttie event of a 
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( malfunction downhole. the apparaius 900 may be easlljr removed from the 
wellbore. 

Referring now to Figs. 10a. 10b. lOc. lOd, lOe. lOf. and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described As 
5 illustrated in Fig. 10a.awellbore 1000 positioned in a subterranean fomiation 1002 
includes a first casing 1 004 and a second casing 1 006. 

The first casing 1 004 preferably includes a tubular liner 1 008 and a cement 
annulus 1010. The second casing lOOSpreferablylnchidesatubularHner 1012and 
a cement annulus 1014. In a prefen^d embodiment, the second casing 1006 is 
10 formed by expanding a tubular member substantially as described above with 
reference to Figs. I -9c or below wiUi reference to Figs. Ma-llf. 

In a particulariy preferred embodiment, an upper portion of tfie tubular liner 
1012 overlaps witti a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of ttie tubular liner 
15 1012 includes one or more sealing members 1016 for providing a Ouidic seal 
between the tiibular liners 1008 and 1012. 

Referring to Fig. 1 Ob. in order to create a tie-back liner tfiat extends from the 
overlap between the first and second casings. 1004and 1006. an apparatus 11 00 is 
preferably provided tiiat includes an expandable mandrel or pig 1 105. a tubular 
20 member 1 1 lO.ashoe 1 1 15. one or more cup seals 1 120. a fluid passage 1 130.afluld 

passage 1135. one or more fluid passages 1140. seals 11 45. and a support member 
1150. 

•me expandable mandrel or pig 1 105 Is coupled to and supported by the 
support member 1 150. The expandable mandrel 1 105 is preferably adapted to 

25 controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance witf, the teachings of the present disdosure In 
a preferred embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat No. 5.348.095. the disclosure 

30 of which is incorporated herein by reference, modified in accordance wiUi the 
teachings of tiie present disclosure. 



The tubular member 1 1 10 is cbu^ljAl to iAdisdpjxitidij the expandable 
mandrdllOS. Thetubularmemberlios'lsexpaiidedintheradialdire^ . 
extruded off oftheexpandable mandrel 1105. The tubular member 11 10 may be 
fabricated from any number of materials such as. for example. Oilfield Counny Tubular 
Goods. 13 chromium tubing or plastic piping. In a preferred embodiment, the tubular 
member 1 1 10 is fabricated from Oilfield Countiy Tubular Goods. 

The inner and outer diameters of the tubular member 1 1 10 may range, for 
example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 121.92 
cms (1.05 to 46 inches), respectively. In a prefeired embodiment, the inner and outer 
diameters of the tubular member 11 lOrange from about 7.62 to 39.37 cms (3 to 15.5 
Inches) and 8.89 to 40.64 cnw (3.5 to 16 Inches), respectively in order to optimally 
provide coverage for typical oiliield casing sizes. The tubular member 1110 preferably 
comprises a solid member. 

In a prefened embodiment, the upper end portion of the tubular member 1 1 10 is 
slotted, peifoiated. or otherwise modified to catch or slow down the mandrel 1 105 when 
It completes the extrusion of tubular member 1 1 10. In a preferred embodiment, the 
length of the tubular member 1 1 1 0 Is limited to minimize the possibility of buckling. For 
typical tubular member 1110 materials, the length of the tubular member 1 1 10 is 
preferably limited to between about 12.192 to 6.096m (40 to 20,000 feet) in length. 

The shoe 1 1 15 is coupledjo the expandable mandrel 1 105 and the tubular 
member 1110. The shoe II 15 includes the fluid passage 1135. TTie shoe 1 1 15 may 
comprise any number of conventional commercially avaUable shoes such as. for 
example, Super Seal H float shoe. Super Seal II Down-Jet float shoe or a guide shoe with 
a sealing sleeve for a latch down plug modified in accordance with the teachings of the 
present disclosure. In a prefened embodiment, the shoe 11 15 comprises an aluminum 
down-iel guide shoe with a sealing sleeve for a latch^lown plug with side ports radiating 
off of the exit flow port available from Halliburton Energy Services in Daflas. TX. modified 
in accordance with the teachings of the present disclosure, in order to optimally guide 
the tubular member 1 100 to the overiap between the tubular member 1 100 and the 
casing 1012. optimally fluldicly Isolate the interior of the tubular member 1 100 after the 
latch down plug has seated, and optimally permit drilling out of the shoe 1 1 1 5 after 
completion of the expansion and cementing operations. 

In a preferred embodiment, the shoe 1 1 15 includes one or more side 
outlel ports 1 140 in nuidic communication ivith the fluid passage 1 135. In this 
manner, 
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f theshoelllSiiuedaharfenablefluidicsii^ 

shoe 1115 and tubular member 1110. iri a preferred embodiment, the shoe 1115 
^ mcludes one or more of the fluid passages 1 140 each having an inlet geometry that 

can receiveadartand/orabaUsealingmember. In thismanner.the fluid passages 
5 1 140 can be sealed off by introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup 8ealll20 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 mior comprise any number ofconventionaJ commercially available cup seals 
such as. for example. TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 

Energy Services in Dallas. TXin order to optimallyprovideabarriertodebris and 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
supportmemberll60andthe«q>andablemandrelll06. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1106. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) 

25 a»d0to620.52813bar(0to9.000psi)inordertooptimaUyprovidesufficientopeiating 
pressures to circulate fluids at operational efficiatf rates. 

The fluidpassage 1135 permitefluidicmaterialstobetransmittedfromfluid 
passage HSO to the interior ofthe tubular member 1110 betow the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1116. The fluid 
passages 1140 are coupled to and positioned within the shoe 1116 in fluidic 
^communication with the interior r^on of the tubular member 1110 below the 
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^ «P«.dabU m«,d«l 1106. ■n-ft.idipais.ges'-nWpr-fi^iyh.^.,^ 

«cti<»«Ud«peth.tpernUtsapIug.oroUiersinUIardevice,tobep.^i„thefluid 
I»«»fp. 1140 to thereby block further passage of fluidfc materials. In this 
manner, the interior region of the tubular member 1110 below the e;q,andable 
6 mandrel 1106 can be fluidldy isolated from the region exterior to the tubular 
member 1106. Thispermit.th.interiorregionofthet»bularm«nberlllOb.low 
the expandable mandrel 1105 to be pressurised. 

llefluidpassage. ll««r.prrftaa«rporitionedalongthep«riph.,y of the 
shoe 1116. The Itaid passages 11« .„ preftrabibr selected to convey materials 

10 »<*«"»»t.drilIing»udorep«d.satfIowr.tesandpressuresr.ngingfr.m 

■ Tl'' ""'^(O ■» ^lloos/minute) and 0 ,o 62.528,, bar (0 

o 9^ p„) „ ^ u, opsmauy fill *. .m,„Ur ^„ ^.^^ 

fl^P^^„40include.aia.«g„me^««^^„.^^^^^J^^ 

ihei«>p.ralusU00mcludes,pta.Htyoflluidp,«.gen40. 

'°«"»"«™'«™«nl'odiment. the base ofth. shoe 1116 toctad«i,^ 

mletpassagecoupledtothefluidBasaaM.ii^n*k.»i..j _. J.. 

.. . „ ™ "*"hat IS adapted to receive a phig, 

^0 or other aiinilar device to Mrmif ♦i^^ • . 

■°°^<"™*.«»permitU>emt«nortegionofthetubnJarmemberlllo 
to be fluidicbr isolated from th. exterior of the tubular member mo 

•Tl»-e.l.ll46.recoupledt.m.d«w.rt«lbyalowBrendportionofthe 
t«^n»mberlll0. ^«-.1146arefhrtherpo.itionedonanautersurito 
oftheWendportionefthetubularmemberlllO. ll^ seals 1145 permit the 

3'T**'^'»*--''^"P^«^P»'«onofthec.sing,012andthelower 
end portum of the tubular member 1110 to be fluidicly sealed. 

nia sed, 1146 mi^r compriae any number of conventional comm«ciaIly 
av«l.ble«.U^.^f„.^,^,^^^^^^^™^_^^^^^_^^ 

.0 elT"^.""" '^'^ »f P«~-t disdosur. m a preferr«l 
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to,m Halliburton Energy Services in Dallas, K in order to optunalty provide a 
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^ hydraulicseal in the overlappingjoint aAffoptiinally provide Toad carrying capacity 
to withstand the range of typical tensile and compressive loads. 
— In a preferred embodiment, the seals 1 146 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 1 1 10 from the 
5 tubular liner 1008. In a preferred embodiment, the frictional force provided by the 
seals 1 145 nmges from about 68.94757 to 68, 947.57 bar (1.000 to 1,000, 000 IbO in tensioa and 
coxapresaca in order to optimally stq>port die expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferabfy comprises an annular member having sufficient strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 farther includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1160 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubularmemberlllO. In this manner, the ejrirusionofthe tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available htbricants such as, 
for example Lubriplate™, chlorine based lubricants or Clmax 1500 Antisieze (3100). 
20 In a preferred embodiment, the lubricant 1160 comprises Climax 1500 Antiseize 
(3100) available from CSimax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide hibrication for the extrusion process. 

Inaprefenred embodiment, the supportmember 1160 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
26 manner, theintroduction of foreign material into the apparatus 1100 is minimiaed. 
This minimizes the possibiHty of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1106 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1165 coupled to the bottom section of the shoe 1116 for fluididy isolating 
the region of the wellbore 1000 below the fi{>paratus 1100. In this manner, fluidic 
_ materials are prevented from entering the region of the wellbore 1000 below the 



apparatus 1 1 00, The packer 1 1 55 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer In a preferred embodiment, the packer 
1 1 55 comprises an EZ Drill Packer available from Halliburton Energy Services in 
Dallas, TX In an alternative embodiment, a high gel strength pUl may be set 
below the tie*back in place of the packer 1 1 55. In another alternative 
embodiment, the packer 11 55 may be omitted. 

In a preferred emtx>diment, before or after positioning the apparatus 1 100 
within the wellbore 1 100, a couple of wellbore volumes are circulated In order to 
ensure that no foreign materials are located within the wellbore 1000 that might 
clog up the various flow passages and valves of the apparatus 1 100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenabie fluidic seaUng material 1 160 is then 
pumped from a surface locadon into the fluid passage 1 130. The material 1 160 
then passes from the fluid passage 1 1 30 into the interior region of the tubular 
memi^er. 1110 below the expandable mandrel 1 1 05. The material 1 1 60 then 
passes from the interior region of the tubular member 1110 into the fluid 
passages 1 140. The material 1 160 then exits the apparatus 11 00 and fiUs the 
annular region between the exterior of the tubular member 1110 and the interior 
wall of the tubular liner 1008. Continued pumping of the material 1 160 causes 
the material 1 160 to fill up at least a portion of the annular region. 

The materia] 1 160 may be pumped into the axmular regiori at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5,000 psi) 
and 0 to 5678. 1 1 77 litres/minute (0 to 1 ,500 galIon§/imln), respecthrely. In a 
preferred embodiment, the material 1 160 is pumped into the annular region at 
pressures and flow rates specifically designed for the casing sizes l>eing run, the 
annular spaces t>eing filled, the pumping equipment available, and the properties 
of the fluid being pumped. The optimum flow rates and pressures are preferably 
calculated using conventional empirical methods. 



( The hardenable fluidic sealing material 1 1 60 may comprise any number of 

convenUonal commerciaUy available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1 160 comprises blended cements specifically 
5 designed for weU section being tied-baclc, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimize 
operaUonal difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
10 conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure tiiat, upon radial expansion of the tubular member 1 1 10, the 
annular region will be filled with material 1 1 60. 

As illustrated in Fig. 1 Od, once the annular region has been adequately filled 
1 5 with material 1 1 60, one or more plugs 11 65, or other sImUar devices, preferably are 
introduced into the fluid passages 1 1 40 thereby fluididy isolating tiie interior region 
of the tubular member 1110 from the annular region external to the tubular member 
1110. In a prefen^d embodiment, a non hardenable fluidic material 1 161 is ttien 
pumped into the interior region of the tubular member 1110 below the mandrel 
20 1105 causing Uie interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1 1 65, or other simUar devices, are introduced 
into the fluid passage 1 140 witii the introduction of Uie non hardenable fluidic 
material. In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1 1 10 Is minimized. 
25 As iOustrated in Fig. lOe, once the interior region becomes sufficiently 

pressurized, tiie tubular member 1 110 Is extnjded off of the expandable mandrel 
1 105. During the extmsion process, the expandable mandrel 1 105 is raised out of 
the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
30 introducing tfie plugs 1 165 into the fluid passage 1 130 at a surface location in a 
convenUonal manner. The plugs 1 1 65 may coiTq>rise ai^ number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 



brass bans, plugs, mbber baBs. or darts modified in acdoKianieivvim the teachings of the 
present disclosure. 

In a prefened embodiment, the plugs 1 165 comprise low density mbber baUs. In 
an altemat^e embodiment, for a shoe 1 105 having a common central inlet passage, the 
plugs 1 165 comprise a single latch down dart 

After placement of the plugs 1 165 in the fluid passages 1 140, the non hardenable 
fluidic material 1 161 is preferably pumped into the interior region of the tubular member 
1 1 10 below the mandrel 1 105 at pressures and flow rates ranging ftom approximately 
34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 1 13,562.355 Hties/minute (40 to 
30.000 gallons/min). In a prefened embodiment, after placement of the plugs 1 165 in 
the fluid passages 1 140, the non hardenable fluidic material 1 161 is preferably pumped 
into the interior region of the tubular member 1110 below the mandrel 1 105 at pressures 
and flow rates ranging from approximately 82.737 to 586.0543 bar (1200 to 8500 psi) and 
151.4164 to 4731.7648 litres/minute (40 to 1250 gaflons/min) in order to optimally provide 
extrusion of typical tubulars. 

For typical tubular members 1 11 0, the extrusion of the tubular member 
1 1 10 off of the expandable mandrel 1 105 wiU begin when the pressure of the 
interior region of the tubular member 1 1 10 below the mandrel 1 105 reaches, for 
example, approximately 82.737 to 586.0543 bar (1200 to 8500 psi). In a preferred 
embodiment, the extrusion of the tubular member 11 10 off of the expandable 
mandrel 1 105 begins when the pressure of the interior region of the tubular 
member 1110 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 
bar (1200 to 8500 psi). 

During the extnision process, the expandable mandrel 1 105 may be raised 
out of the expanded portion of the hibular member 1 1 10 at rates ranging, for 
example, from about 0 to 1.524 m/s (0 to 5 ft/sec). In a preferred embodiment, 
during the extnision process, the expandable mandrel 1 105 Is raised out of the 
expanded portion of the tubular member 1 1 10 at rates ranging from about 0 to 
0.6096 m/s (0 to 2 ft/sec) in order to optimally provide pemilt adjustment of 
operational parametere, and optimally ensure that the extnision process wiU be 
completed before the material 1 160 cures. 

In a preferred embodiment, at least a portion 1 180 of the tubular member 1110 
has an internal diameter less than the outside diameter of the mandrel 1 105. In this 
manner, when the mandrel 1 105 expands the section 1 180 of the tubular member 1110, 
at least a portion of tt»e expanded section 1 180 effects a seal with at 



least the wellbore casing 1012. In a pi-cftned ehiKoflimfenV We seal Is effected 
by compressing the seals 1016 between the expanded section 1 180 and the 
wellbore casing 1012. In a prefened embodiment, the contact pressure of the 
joint between the expanded section 1 180 of the tubular member 1 1 10 and the 
casing 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10,000 psi) in 
order to optimally provide pressure to actuate the sealing members 1 145 and 
provide optimal resistance to ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1 1 10 has an internal diameter less than the outside 
diameter of tfie mandrel 1 105. In this manner, extmsion of the tubular member 
11 10 by the mandrel 1 105 results in contact betvk^en substantially all of the 
expanded tubular member 1 1 10 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of ttie joint between the expanded hibular 
member 1 1 10 and the casings 1008 and 1012 ranges from about 34.473785 to 
689.6757 bar (500 to 1 0.000 psi) in order to optimally provide pressure to activate 
ttie sealing members 1 1 45 and provide optimal resistance to ensure tiiat Uie joint 
wID witiistand typical extiemes of tensile and compressive loads. 

In a preferred embodiment, ttie operating pressure and flow rate of tt»e 
materia] II 61 Is controllably ramped down when the expandable mandrel 1 105 
reaches Uie upper end portion of ttie tubular member 1 1 1 0. In ttiis manner, tfie 
sudden release of pressure caused by ttie complete extmsion of ttie tubular 
member 1 1 1 0 off of ttie expandable mandrel 1 1 05 can be minimized. In a 
prefened embodiment, ttie operating pressure of ttie fluidic material 1 161 is 
reduced in a substantially linear fashion from 100% to about 10% during tfie end 
of ttie extmsion process beginning when ttie mandrel 1 105 has completed 
approximately aU but about 1 .524m (5 feet) of ttie extmsion process. 

Altematively, or in combination, a shock absorber is provided in ttie 
support member 11 50 In order to absorb ttie shock caused by Uie sudden release 
of pressure. 
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Alternatively, or In combination, a mandrel catching structure isprovlded In 
the upper end portion of the tubular member 1 1 10 in order to catch or at least 
decelerate the mandrel 1 ICS. 

Refening to Fig. lOf, once the extnislon process is completed, the 
5 expandable mandrel 1105 is removed from the weUbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 105, 
the integrity of the fluidic seal of the joint between the upper portion of the tubular 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the fluidic seal of tfie joint between the upper portion of 
10 the tubular member 1110 and the upper portion of ttie tubular Uner 1008 Is 
satisfactory, ttien the uncured portion of the material 1 160 within the expanded 
tubularmember 1 1 lOis then removed in a conventional manner. The material 1 1 60 
wlttiin the annular region between ttie tubular member 1 11 0 and the tubular liner 
1008 Is then allowed to cure. 
15 AsUlustratedinFig. lOf.preferablyanyremaining cured material 1 leOwithin 
the interior of the expanded tubular member 1110 is then removed In a 
conventional manner using a conventional drill siring. The resulting tie-back liner 
of casing 1 1 70 Includes the expanded tubular member 1 1 10 and an outer annular 
layer 1 1 75 of cured material 1 1 60. 
20 As illustrated in Fig. 1 Og, the remaining bottom portion of ttie apparatus 1 100 
comprising ttie shoe 11 15 and packer 1 155 Is ttien preferably removed by drilling 
out ttie shoe 1 1 15 and packer 1 155 using conventional drilling mettiods. 

Inaparticulariyprefened embodiment, ttie apparatus 1 100 Incorporates ttie 
apparatus 900. 

25 Refening now to Figs. 1 la-llf, an embodiment of anapparatus and metfiod 
for hanging a tubular liner off of an existing wellbore casing wiU now be described. 
AsUlustratedinFig. lla.awellbore 1200 Is positioned in a subterranean formation 
1205. The wellbore 1200 Includes an existing cased section 1210 having a tubular 
casing 1215 and an armular outer layer of cement 1 220. 

30 In order to extend ttie wellbore 1 200 into ttie subterranean fonnation 1 205, 

a drill string 1225 is used in a well known manner to drill out material from ttie 
subterranean fonnation 1205 to fonn a new section 1230. 



As iDustrated in Fig. 1 lb, an ap^i^s 13W) 1^ foripingia wellbore casing 
in a subtenanean formation is then positioned in tiie new section 1 230 of the 
wellbore 100. Ilie apparatus 1300 preferably includes an expandable mandrel or 
pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320. a fluid 
passage 1330, a fluid passage 1335, seals 1340, a support member 1345, and a 
wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1345. The expandable mandrel 1305 is preferably adapted to contiollably 
expand In a radial direction. The expandable mandrel 1305 may comprise any number 
of conventional commercially available expandable mandrels modified in accordance 
with the teachings of the present disclosure. In a prefened embodiment, the 
expandable mandrel 1305 comprises a hydiauUc expansion tool substantially as 
disclosed In VS. Pat No. 5,348.095. the disclosure of which is incoipoiated herein by 
reference, modified in accordance with the teachings of the present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The hibular member 1310 is piefeiably expanded in the radial 
dlrectionandextmdedoffof0ieexpandablemandiell305. The tabular member 
1310 may be fabricated from any number of materials such as, for example. 
. Oilfield Counliy Tubular Goods (OCTG), 13 chromium steel tubing/casing oi 
plastic casing. In a preferred embodiment, tfie tubular member 13 10 Is 
fabricated from OCTG. TTie inner and outer diameters of the hibular member 
1310 may range, for example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 
inches) and 2.667 to 121.92 cms (1.05 to 48 Inches). respectively. Inaprefened 
embodiment, ttie inner and outer diameters of tfie tubular member I3I0 range 
from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 
inches), respectively in order to optimally provide minimal telescoping effect In 
tiie most commonly encountered wellbore sizes. 

In aprefened embodiment, the tubular member 1310 includes an upper portion 
1355. anlntermedlateportionl360,andalowerportion 1365. Inapreferred 
embodiment, the waD thickness and outer diameter of the upperportion 1355oftt»e 
tubularmember ISlOrange from aboutO.375 to 3.81 (3/8 to 1 V4 Inches) and 8.89 to 40.64 
cms (3 V4 to 16 Inches), respectively. In a prefened embodiment, the waD thickness 
and outer diameter of the intermediate portion 1360 of the tubular member 1310 range 
from about 
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1.5825 to 1.905 cms (0.625 to 0.75 inches) and 7.6^ t6-48.26t:ms '(3 to 19 inches), 
respectively. In a preferred embodiment, the wall thickness and outer diameter 
of the lower portion 1365 of the tubular memt>er 1310 range from about 0.375 to 
3.81 cms (3/8 to 1.5 inches) and 8.89 to 40.64 (3.5 to 16 inches), respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tubular memt>er 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally faciliate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight cleaiaiKes. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1355 of the tubular memt>er 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
emlxxiiment, the length of the tubular meml>er 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
tiie tubular member 1310 is preferably limited to between about 12.192 to 6,096 
m (40 to 20,000 feet) in length. 

The shoe 1315 is coupled to (tie tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe witfi a 
sealing sleeve for a latch-down plug modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the shoe 1315 comprises 
an aluminum dbwn*]et guide shoe with a sealing sleeve for a latch-down plug 
available from Halliburton Energy Services in Dallas, TX, modified in accordance 
with the teachings of the present disclosure, in order to optimally guide the 
tubular member 1310 into the wellbore 1200, optimally fluidicly isolate tiie 
interior of the tubular member 1310, and optimally permit the corrq>lete drill out 
of the shoe 1315 upon the completion of the extrusion and cementing 
operations. 

In a preferred embodiment, the shoe 1315 further Includes one or more 
side ouUet ports in fluidic communication with the fhiid passage 1 330. In this 
manner, the shoe 1315 preferably injects hardenable fhiidic sealing material into 



the region outside the shoe 1315 and tuBnlar member l^l6. *hi a preferred 
embodiment, the shoe 1315 includes the fluid passage 1330 having an inlet 
geometiy that can receive a fluidic sealing member. In this manner, the fluid 
passage 1 330 can be sealed off by introducing a plug, dart and/or ball sealing 
elements into the fluid passage 1 330. 

The fluid passage 1320 pemiits fluidic materials to be transported to and from the 
interior region of the tubular member 1310 below the expandable mandrel 1305. The 
fluid passage 1320 is coupled to and positioned within the support memt>er 1345 and the 
expandable mandrel 1305. The fluid passage 1320 preferably extends from a position 
adjacent to the surface to the bottom of the ea9>andable mandrel 1305. The fluid 
passage 1320 is preferably positioned along a centerline of the apparatus 1300. The fluid 
passage 1320 is preferably selected to transport materials such as cement, drilling mud, 
or epoxies at flow rates and pressures ranging from about 0 to 1 1356.2355 litres/hiinute 
(0 to 3,000 gallons/hilnute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to optimally 
provide sufficient operating pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned vidthin the shoe 131 5 in fluidic 
communicadon with the interior region 1370 of the tubular member 1310 below 
the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1 330 to thereby block further passage of fluidic materials. In this 
manner, the interior region 1370 of the tubular member 1310 below the 
expandable mandrel 1305 can be fiuidicly isolated from the region exterior to the 
tubular member 1310. This permits the interior region 1370 of the tubular 
member 1310 below the ejq^andable mandrel 1305 to be pressurized. The fluid 
passage 1330 is preferably positioned substantially along the centerline of the 
apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as cement, 
drilling mud or epoxies at flow rates and pressures ranging from about 0 to 1 1356.2355 
litres^ninute (0 to 3,000 gaOons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to 
optimally fill the annular region between tfie tubular member 1310 and the new section 
1 230 of the weDbore 1200 with fluidic materials. In a preferred embodiment, the fluid 
passage 1330 
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includes an inlet geometry tliat can receWe a dart aoid/or^I ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and from the 
region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centeiline of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 
materials such as cement, drillmg mud or epoxies at flow rates and pressures ranging 
ftom about 0 to 1 1356.2355 litres/'rainute (0 to 3,000 gaDonVmlnute) and 0 to 620.52813 
bar (0 to 9,000 psi) in order to optimally fill the armular region between Oie tubular 
member 1310 and the new section 1230 of the weDbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 
1355 of the hjbular member 1310. The seals 1 340 are ftirther positioned on an 
outer surface of the upper end portion 1355 of the hibular member 1310. The 
seals 1340 permit the overiapping joint between the lower end portion of the 
casing 1215 and the upper portion 1355 of the hibular member 1310 to be 
fhildlcly sealed. The seals 1 340 may comprise any number of conventional 
commercially available seals such as, for example, lead, njbber, Teflon™, or 
epoxy seals modified in accordance v^th the teachings of the present disclosure. 
In a preferred embodiment, the seals 1340 comprise seals molded from 
Stratalock epoxy available from Halliburton Energy Services in Dallas. TO In order 
to optimally provide a hydraulic seal In the annulus of the overiapping joint while 
also creating optimal load bearing capability to withstand typical tensUe and 
compressive loads. 

In a prefened embodiment, the seals 1340 are selected to optimally 
provide a sufficient Actional force to support ttie expanded tubular member 1310 
from the existing casfaig 1215. In a prefenred embodiment, the frictional force 
provided by die seals 1340 ranges from about 68.94757 to 68,947.57 bar (1,000 to 
1,000,000 IbO in order to optimally support ttie expanded hibular member 1310. 

The support member 1345 is coiq>Ied to the expandable mandrel 1305, tubular 
member 1310. shoe 1315, and seals 1340. The support member 1345 prefer^ly 
comprises an annular member having sufficient strength to cany ttie apparatus 1300 into 
the new section 1230 of the weObore 1200. In a preferred 



embodiment, the support member 1345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1 300. In this manner, 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes with 
the expansion process. 

Thevkdperphjg 1350 is coupled to the mandrel 1305 within the interior region 
10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise 
one or more conventional commercially available wiperphjgs such as, for example, 
Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or three-wiper 
latch-down plug modified in accordance with the teachings of the present 
15 disclosure. In a prefenfed embodiment, the wiper plug 1350 comprises a Multiple 
Stage Cementer latch-down plug available from Halliburton Energy Services in 
Dallas, TX modified in a conventional manner for releasable attachment to the 
expansion meindrei 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
20 within the newsectfonl230of the wellbore 1200, a couple ofwellboi« volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might cl<^ up the various flow passages and valves of the 
apparatus 1300 and to ensure that no foreign material interferes with the extnjslon 
process. 

25 As illustrated in Fig. 1 1 c, a hardenable fluidic sealing material 1 380 is then 
pumped from a surface locaUon Into the fluid passage 1320. The material 1380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1330. The material 1 380 then exits the apparatus 1300 via the fluid passage 
1 335 and fills the annular region 1 390 between the exterior of the tubular member 
I310andtheinteriorwallofthenewsectionl230ofthe wellbore 1200. Continued 
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pumping of the materia] 1380 causes'tiie material iSSO tollu'ilp at least a portion 
of the annular region 1 390. 

The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 344.73785 bar (0 
to 5000 psi) and 0 to 5678. 1 1 77 litres/minute (0 to 1 ,500 gaUons/imin), 
respectively. In a preferred embodiment, the material 1380 is pumped into the 
annular region 1390 at pressures and flow rates ranging from about 0 to 
344.73875 bar (0 to 5000 psi) and 0 to 5678.1 1 77 Htres/minute (0 to 1 ,500 
gaUonsAnin), respecth^ly, in order to optimally fin the annular region between 
the tubular member 1310 and the new section 1230 of the weUbore 1200 with the 
hardenable fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such 
as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 con4>iises blended cements designed 
specificaify for the well section being drilled and available ftom Halliburton 
Energy Services in order to optimally provide siq>port for the tubular member 
1310 durir^ displacement of the material 1 380 in the annular region 1390. The 
optimum blend of the cement is preferably determined using conventional 
empirical methods. 

The annular region 1 390 preferably is filled with the material 1 380 in 
sufficient quantities to ensure that, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 wiU 
be nUed with material 1380. 

As illustrated in Fig. 1 Id, once the annular region 1390 has been 
adequately filled with material 1380, a wiper dart 1395, or other similar device, is 
introduced into the fluid passage 1 320. The wiper dart 1 395 is preferably pumped 
through the fluid passage 1320 by a non hardenable fluidic material 1381. The 
wiper dart 1395 then preferably engages the w4>erplug 1350. 

As ilhistrated in Fig. 1 le, in a preferred embodiment, engagement of the 
wiper dart 1395 with the wiper phig 1350 causes the wiper plug 1 350 to decouple 
ftom the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 
wiU lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 



^ passage 1330, and fluidicly isolating thb* kitferior region 13*70 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to prefflurize. Once the interior region 1370 
6 becomes sufElciently pressurized, the tubular member 1310 is esdanded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1306 is raised out of the expanded porticm of the tubular member 1310 by the 
support member 1346. 

The wiper dart 1396 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such as, 
for example, Multqile Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the fa»«»«»>i<»g c. of 
15 thepresentdisdosure. Inapreferredembodiment,thewiperdartl396comprises 
a three wiper hitch-down phig modified to latch and seal in the Multiple Stage 
^ Cementer latch down phig 1350. The three wiper latch-down plug is available 
frvm Halliburton Energy S^ces in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678. 1 1 77 litiWminute (0 to 
1500 gallonsAnin) in order to optimaUy extrude the tubular member 1310 offof tbe 
mandrel 1305. In this mamier, the amount of hardenable fluidic material within the 
2g interior of the tubular member 1310 is minimized. 

In a preferred embodiment, aiter blocking the fluid passage 1330, die non haidenable 
fluidic material 1381 is p^ferably pumped into d>e interior region 1370 at pressures and flow 
rates ranging fiom apprmdmately 34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 
11356.2355 litresAnimite (40 to 3.000 gallons/min) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to permit a<$ustments to be made 
30 ™ operating parameters during die ednisioniJiocess. 
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For typical tubular members 1310, thfe ei^trdsiori bl tfielubulw member 1310 off of the 
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expandable mandrel 1305 will begin when the pressure of the interior region 1370 reaches, for 
example, approximately 34.473 to 620.52813 bar (500 to 9,000 psi). In a preferred embodiment, 
the extrusion of the tubular member 1310 off of the expandable mandrel 1 305 is a function of the 
tubular member diameter, waD thickness of the tubular member, geometry of the mandrel, the 
type of lubricant, the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably determined 
using conventional empirical methods. 

During the extrusion process, the expandable mandrel 1305 may be raised out of 
the expanded portion of the tubular member 1310 at rates ranging, for example, from 
about 0 to 1.524 m/s (0 to 5 ft/sec). In a preferred embodiment, during the extrusion 
process, the expandable mcindrel 1305 may be raised out of the expanded portion of the 
tubular member 1310 at rates ranging from about 0 to 0.6096m (0 to 2 fl/sec) in order to 
optimally provide an efficient process, optimally permit operator adjustment of operation 
parameters, and ensure optimal completion of the extrusion process before curing of 
the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded off of 
the expandable mandrel 1305, the outer surface of the upper end portion 1355 of the 
tubular member 1310 will preferably contact the interior surface of the lower end portion 
of the casing 1215 to form an fluid tight overiapping joint. The contact pressure of the 
overlapping joint may range, for example, from approximately 3.447379 to 1 ,278.9514 bar 
(50 to 20,000 psi). In a preferred embodiment, the contact pressure of the overlapping 
joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10,000 psi) in order to 
optimally provide contact pressure sufTicient to ensure annular sealing and provide 
enough resistance to withstand typical tensile and compressive loads. In a particularly 
preferred embodiment, the sealing members 1340 will ensure an adequate fluidic and 
gaseous seal in the overiapping joint. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 1381 is controllably ramped down when the e;q>andable 
mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 
maimer, the sudden release of pressure caused by the complete extrusion of the tubular 
member 1310 off of the expandable mandrel 1305 can be minimized. In a preferred 
embodiment^ the operating pressure is reduced in a substantially linear fashion from 
100% to about 10% during tiie end of the extrusion process begiruung when the mandrel 
1305 has completed approximately aU but about 1.524 m (5 feet) of the extrusion process 



Alternatively, or in combinatiph* a^hoctc ali$orber.f5 provided in the 
support member 1 345 in order to absorb the shock caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
in the upper end portion 1355 of the tut>ular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200. In a preferred embodiment, either before or 
aAer the removal of the expandable mandrel 1305, the integrity of the fluidic seal 
of the overl24>ping joint between the upper portion 1355 of the tubular member 
1310 and the lower portion of the casing 1215 is tested using conventional 
methods. If the fhjidic seal of the overlapping joint between the upper portion 
1355 of the tubular meml>er 1310 and the lower portion of the casing 1215 is 
satisfactory, then the uncured portion of the material 1380 vAtiun the expanded 
tubulcu* member 1310 is then removed in a conventional manner. The material 
1380 within the annular region 1390 is then allowed to cure. 

As illustrated in Fig. 1 If, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 131 0 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing 1400 includes the expanded tubular member 1310 and an outer armular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removed by drilling out the shoe 1315 
using conventional drilling methods. 

A method of creating a casirig In a borehole located in a subterranean 
formation has been descril>ed that includes installing a tubular liner and a 
mandrel in the borehole. A body of fluidic material is then injected into the 
borehole. The tubular liner is then radially expanded by extruding the liner off of 
the mandrel. The injecting preferably includes injecting a hardenable fluidic 
sealing material into an annular region located t>etween the lx>rehole and the 
exterior of the tubular liner; and a non hardenable fluidic material into an interior 
region of the tubular liner 
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below the mandrel. The method preferably includes fluidicly isolating the 
annular region from the interior region before injecting the second quantity of the 
non hardenable sealing material into the interior region. The injecting the 
hardenable fluidic sealing material is preferably provided at operating pressures 
and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 
567.1 1 77 litres/minute (0 to 1 ,500 gaUons/min). The injecting of the non 
hardenable fhiidic material is preferably provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9000 psi) and 151.4164 
to 1 1356.2355 Utres/minute (40 to 3,000 gallons/min). The injecting of the non 
hardenable fluidic material Is preferably provided at reduced operating pressures 
and flow rates during an end portion of the extruding. The non hardenable 
fluidic material is preferably injected below the mandrel. The method preferably 
includes pressurizing a region of the tubular liner below the mandrel. The region 
of the tubular liner below the mandrel is preferably pressurized to pressures 
ranging from about 34.473 to 620.5281 3 bar (500 to 9.000 psi). The method 
preferably inchides fluidicly isolating an Interior region of the tubular Hner from 
an exterior region of the tubular liner. The method further preferably includes 
curing ttie har(|enable sealing material, and removing at least a portion of the 
cured sealii^ material located within the tubular liner. The method further 
preferably bKludes overlapping the tubular Uner with an existing wellbore casing. 
The method further preferably Includes sealir^ the overlap between the tubular 
liner and the existing welIt>ore casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 
casing. The method further preferably includes testir^ the integrity of the seal in 
the overlap between the tubular liner and the existing wellbore casing. The 
method further preferably Includes removing at least a portion of the hardenable 
fluidic sealing material within the tajbukr liner before curing. The method further 
preferably includes liibricating the surface of the mandrel. The method further 
preferad>]y includes absorbing shock. The method further preferably includes 
catching the mandrel upon the completion of the extruding. 



^ An apparatus for creating a casin^'fli a borehole located in a subterranean 

formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operahly coupled. The support member preferably fluther includes a pressiure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member farther preferably includes a shock 
10 absorber. The support member preferably includes one or more sealing members 
adapted to prevent foreign material feom entering an interior region of the tubular 
member. The mandrel is preferably espandable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oilfield 
Country Tubular Goods^ 13 chromium steel tubin^casing, and plastic casing. The 

15 tubular men^ preferably has inner and outer diameters laoging from about 7.62 to '39.37 cms (3 to 15.5 
incfces) and 8.89 to 40;64 cms (3.5 to 16 inches), respectively. The tubular member preferably has a plastic 
y»ld point ironging from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). The tubidar 

member preferab^ includes one or more sealing membesrs at an end portion. The 
tubular member preferably inchides one or more pressure relief holes at an end 
20 portion. The tubular member preferably indudes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably inchides an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

Amethodofjoiningasecondtubularmembertoafirsttubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular membera in an overlapping ralatiozmhip, pressurizing a 
portion of the interior r^on of the second tubular member; and esctruding the 
30 second tubular member offofthe mandrel into engagement with the first tu^ 

member. The pressurizing of the portion of the interior region of the second 
_ tubular member is preferably provided at operating pressures ranging from about 
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^ 34.473 to 620.S28I3bar(S00 to 9,000 psQ. The pressBriziog^f the poiti 

second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the esctruding* The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 
10 formation ad|]acent to an alread^y existing section of wellbore casing has been 
described that includes an annular member. The annidar member includes one or 
more sealing members at an end portion of the ^TfTi^iiftr member, and one or more 
pressure relief passages at an end portion of the ftnw^iipi' member. 

A wellbore casing has been described that includes a tubtilar liner and an 
15 annular bocty of a cured fluidicseahngnmterial. The tubu^ 

process of extruding the tubular liner ofT of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressxxrizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic sealing material into an annnW 
region external of the tubular liner. Dimng the pressurizing, the interior portion 
of the tubular liner is preferably fluidicly isolated from an exterior portion of the 
tubular Uner. Theinteriorportionof the tubular liner is preferably pressurized 

to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 psQ. Tlic tubular liner preferably 
25 overlaps with an existing wellbore casmg. The wellbore casing preferably further 
inchxdes a seal positioned in the overlap between the tubular lin 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 borehole has been described that inchides installing a tubular liner and a mandrel 
within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



^ expanding the liner in the borehole by extirudizig the liner off of the mandreL In 
a preferred embodiment, the fluidic material is selected from the group consisting 
^ of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method ftirther includes fluidicly isolating an interior region of the tubxilar liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
iiyecting of the body of fluidic material is provided at operating pressures and flow 
rates nngiiig fiom about 34.473 to 620.52813 bar (500 to 9.000 psi) asd 151.4164 to 113562.355 
litres/nainuiB (40 to 3,000 gaUons/am). In a piefored embodin^ the injecting of the bo<ty of fluidic 
material is provided at reduced operating pressures and flow rates during an end portion of the extruding. 

10 Inapi^exTedenibodiment,thefltudicnmterialisiiqect^ In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressiuized. In a preferred embodiment, the region of the tubular liner below the 
mandrel is pressurized to pressures ranging from about 34.473 to 62032813 bar (500 to 9,000 psi). In a 
preferred embodiment, the method further includes overlapping the tubular liner 
15 with the exi s tin g wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method fiuther includes supporting the 
extruded tubular hner using the existing wellbore casing. In a preferred 
embodiment, the method flurfcher includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes e:q)andiiig the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an wtimiiflr body of a cured fluidic sealing 
material. The tubiilar liner is formed by the process of extrading the tubiilarM^ 
oflF of a mandreL Theannularbody of a cured fluidic sealing inaterial is coupled 
30 to the tubular liner. In apreferred embodiment, the tubular liner is f 

process of placing the tubular liner and mandrel within the wellbore, and 
_ pressurizing an interior portion ofthe tubular liner. In a prrf^ 



during the pressurizing, the interior portion of the tubular Bner is fluididy isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the interior 
portion of the tubular liner is pressurized at pressures ranging from about 34.473 to 
620.5281 3 bar (500 to 9,000 psi). In a prefenred embodiment, the annular body of a 
cured fluidic sealing material is formed by the process off injecting a body of 
hardenable fluidic sealing material into an annular region between the existing 
wellbore casing and the tubular liner. In a preferred embodiment, the tubular liner 
overiaps with another eidsting wcDbore casing. In a prefeitred embodiment, the tie- 
back Bner further includes a seal posiUoned in the overiap between the tubular liner 
and the other existing wellboire casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellbore casing. 

An s^paratus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion off the mandrel is drillable. The tubular member is coupled to the mandrel 
The shoe is coupled to the tubular member. The shoe includes a third fluid passage 
operably coupled to the second fluid passage, an interior portion, and an exterior 
portion. The interior portion of the shoe is drillable. Preferably, the interior portion 
of the mandrel includes a tubular member and a load bearing member. Preferably, 
the load bearing member comprises a drillable body. Preferably, the interior 
portion of the shoe imicludes a tubular member, and a load bearing member. 
Prcferabfy, the load bearing member comprises a drillable body. Preferably, the 
' exterior portion of the mandrel comprises an expansion cone. Preferably, the 
'expansion cone is fabricated from materials selected from the group consistir^ of 
tool steel, tttanium, and ceramic. Preferably, the expansion cone has a surface 
hardness ranging fiom about 58 to 62 RockweU C Preferably at least a portion of 
the apparatus Is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure: In some instances, some features of the present 
invention may be employed without a corresponding use of the other features. 



Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 
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CLAIMS 



1. An apparatus, comprising: 
a wellbore; 

5 a first wellbore casing coupled to the wellbore; 

a second wellbore casing coupled to the wellbore 
and overlapping with the first wellbore casing; and 

a tie-back liner coupled to the first and second 
wellbore casings and overlapping with the first and 
10 second wellbore casings: 

wherein the tie-back liner is coupled to the first 
and second wellbore casings by the process of: 

extruding at least a portion of the tie-back liner 
off of a mandrel. 

15 

2. The apparatus of claim 1, wherein the tie-back 
liner is coupled to the first and second wellbore 
casings by the process of: 

placing the tie-back liner and mandrel within the 
20 wellbore; and 

pressurising an interior portion of the tie-back 

liner. 

3 , The apparatus of claim 2 , wherein during the 
25 pressurising, the interior portion of the tie-back 

liner is fluidicly isolated from an exterior portion of 
the tie-back liner. 

4. The apparatus of claim 2, wherein the interior 
30 portion of the tie-back liner is pressurised at 

pressures ranging from 34.473 to 620.52813 bar (500 to 
9, 000 psi) . 

5. The apparatus of claim 1, further con5)rising: 
35 an annular body of a cured fluidic sealing 

material positioned within an annulus between the tie- 



back liner and one of the first and second wellbore 
casings ; 

wherein the annular body of cured fluidic sealing 
material is formed by the process of: 
5 injecting a body of hardenable fluidic sealing 

material into the annulus between the tie-back liner 
and one of the first and second wellbore casings. 

6. The apparatus of claim 1, further comprising a 
10 seal positioned in the overlap between the tie-back 

liner and the first and second wellbore casings. 

7. An apparatus, comprising: 
a wellbore; 

15 a first wellbore casing coupled to the wellbore; 

a second wellbore casing coupled to the wellbore 
and overlapping with the first wellbore casing; and 

a tie-back liner coupled to the first and second 
wellbore casings and overlapping with the first and 
20 second wellbore casings; 

wherein the tie-back liner is coupled to the first 
and second wellbore casings by the process of: 

radially expanding at least a portion of the tie- 
back liner within the wellbore. 

25 

8. The apparatus of claim 1, wherein the tie-back 
liner is coupled to the first and second wellbore 
casings by the process of: 

placing the tie-back liner and an expansion device 
30 within the wellbore; and 

pressurising an interior portion of the tie-back 
liner. 

9. The apparatus of claim 8, wherein during the 
35 pressurising, the interior portion of the tie-back 



r 

liner is f luidicly isolated from an exterior portion of 
the tie -back liner. 

10. The apparatus of claim 8, wherein the interior 
5 portion of the tie-back liner is pressurised at 

pressures ranging from 34.473 to 620.52813 bar (500 to 
9, 000 psi) . 

11. The apparatus of claim 7, further comprising: 
10 an annular body of a cured fluidic sealing 

material positioned within an annulus between the tie- 
back liner and one of the first and second wellbore 
casings; 

wherein the annular body of cured fluidic sealing 
15 material is formed by the process of: 

injecting a body of hardenable fluidic sealing 
material into the annulus between the tie-back liner 
and one of the first and second wellbore casings. 

20 12. The apparatus of claim 1, further comprising a 
seal positioned in the overlap between the tie-back 
liner and the first and second wellbore casings. 

13. Apparatus substantially as hereinbefore described 
25 with reference to any one of the accompanying drawings. 
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